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N. B, The reader is deſired to excuſe an inad- WM - 
vertency in age 16, where the calculation the 

is by new ſtyle, as the difference ſtood be- 
fore the year 1 100. And in the ſame page, 1 


line 15, to ſupply the word Jays, by — l 
as many degrees as there are * 
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WR Sphere or Globe is a round ſolid body, 
upon the ſurface wherèof are drawn 
| certain circles and figures, - repreſenting 
the movement and diſpoſition of the 
heavenly bodies; or the ſituation and 
extent of the Earth and Water. 3 


There are three ſorts of Spheres, BE 
r. The Cceleſtial, for the Stars, ce. 
2, The Terreſtrial, for the Earth and Seas. 


3. The Armillary, Which has reſpect both to 
he one and the other. a 


N.B. To make what follows the more intelligible, 
the Reader ſhouts have an Armillary Sphere 


Sup poſitions and Definitions, 


I 1, The Heavens appear like the concave ſurface 
f. a globe, whoſe centre is the middle of the 
Vor. II. ö earth; 


call Plaxets. 


41 


earth z and which continually turning round upon 


two of its points diametrically oppoſite to each 


other, carries about with it the ſtars and planets, 
which ſeem fix'd therein; making them every day 
deſcribe circles, which have the ſaid point for 
their poles. * 1 


>. The two points upon which the heavens 


thus turn, are called The Poles 4 the World. 
That which is viſible to us in 
north, or artick pole; the other the ſouth, or 


urope, is the 


antartick: The ſtreight line paſſing from the one 
pole to the other, is called, 7 he Axis of the World. 


And the circles which the ſtars every day ſeem to 

deſcribe, are nam'd, The Parallels of each ſtar. 

Every fifteen degrees of theſe circles, make an 
hour of time. 4 | 


3. Some of theſe heavenly bodies ſenſibly Þ 
change their places in the heavens, and thoſe we 
And the circle which theſe ſtars | 
their particular movement in thus 
their places, is called, Th Ecliptick. 
ars which do not ſenſibly change their 
places in the heavens, are called Fiæ d Stars. For i 
the better recollection of the ſeveral fix d ſtars, | 
are reduc'd to certain figures, called, Con- 
ſtellatious; the 12 principal of which, are thoſe I 


deſcribe b 
changin 
Thoſe 


the 


which give names to the 12 diviſions of the ecli 


tick, and are call'd, The 12 Signs of the Zodiack. 


4. A Body is ſaid to deſcend, when it ap- 

he earth; but 
when it recedes from it, and becomes more diſtant, 
| it is ſaid to aſcend, A line is ſaid to be plumb or 


proaches towards the center of t 


4 A 
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right to the earth, when being prplong'd 


n as 
h it would paſs thro' its centre as AC. Fg. 1. 
5 A line is ſaid to be horizontal, when it 

M 


is - pendicular to ſuch a plumb or right line as 
DE 


Ir ; and when a line makes an acute angle with 
a plumb line as CF, it is then ſaid to be inclined, 
ns 5. In whatever place of the earth we are, we 
4. may ſenſibly perceive one half of the heavens; 
he and may caflly imagine a circle dividing that part 
or which we ſee, from the other which we do not 
ne ſee; and ſuch circle is call'd, The Horizon; the 
1d. middle point of the viſible part of the heavens 
to (which is directly over our heads) is call'd, T he 
ar. Zenith; and the middle point of the inviſible 
an part (which is directly under our feet) is call'd, 


he Nadir: And as theſe two Points anſwer in 
very place to a line plumb or perpendicular to 


he earth, there are therefore as many different 
we eniths and nadirs, and conſequently horizons as 
ars there are different points upon the earth. For 
hus xample, if I Rand at the point A, my + 
ick. F&enith will be the point in the heavens Fig. 2. 
neir . my nadir F, and my horizon the circle W 
For D. But if I am at the point K, my horizon 
ars, Mill be HI, my zenith G, and my nadir L. 
on- : 
zoſe 6. We call it Day when the ſun is in that part 
-lip- f the heavens which we ſee; but when it is in 
ack. ie other part inviſible to us, we call it Night. 


the ſame manner we call that part of the paral- 
| which is deſcribed by any ſtar in the viſible 
rt of the heavens, its tina Arch z the re- 
tant, Waining 2 of the parallel is call'd its actui¹,I 

\ cb. That little gl 8 of light which ap. 


FI 
* 


"Tar 
ars before or after day, we call the 7vilight or 
Fropuſente. —_ . | 


a; * 


\ 
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PA o r. I. 
Of the Armillary Sphere. 


1. An Armillary Sphere is compoſed of ten open 
circles, with a little ball or button in 
Fig. 3. the middle, anſwering to the center of 

the earth, ſupported by a ſmall wire, 
repreſenting the axis of the world, 5 : 


2. There are 6 great circles, and four ſmall ones: 
the great ones are, the Horizon, the Meridian, 
the Equator, the Zodiack, and the two Colures. 


HORI 2 O N. 


The Horizon is a great circle, dividing that 
part of the heavens viſible to us, from 
Fig. 4. the other part which we do not ſee. 
| But there being as many different hori- 
zons as there are different places, the horizon of i 
the ſphere is therefore made moveable. * This 
circle is divided into 32 equal parts, anſwerable to 
the 32 points of the mariner's compaſs, the 4 chief 
of which are the north, or that point of the 
horizon anſwering to the north pole; the ſouth, il 
anſwering to the ſouth pole; the eaſt, or that 
point of the horizon where the ſun riſes, when 
the days and nights are equal; and the welt, | 
which is that point where the ſun ſets when the 


Or rather, it ſhould be faid, the ſphere is contriv d | 


to turn within this circle, The ſame thing is to be under-\Yot 


ſoo in the next paragraph, with regard to the meridian. 
days 
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days and nights are equal. The middle points 
betwixt any two of theſe principal ones, take 
their names from thoſe two they are between, as 
the northeaſt is the middle point between the 
north and eaſt. The ſame is alſo to be under- 
ſtood of the other diviſions, for we call that point 
the north · nor- eaſt which is between the north and 
the northeaſt, Sc. And thus names are given to 
the 32 points of the horizon. The horizon is 
again divided into 360 degrees, which laſt divi- 
ſion is alſo applied to the three following circles 

of the ſphere. The horizon ſerves to ſhew the 
riſing and ſetting of the heavenly bodies, the 
3 — of the days and nights, and the courſe of 


s: the winds, or points of the compaſs, 
8. 5 MERID IAN. 


The Meridian is a great circle paſſing thro 
the two poles of the world, and + 
through the zenith and nadir points of Fig. 5. 
each country, It is made moveable in val 
the ſphere, to the end it may repreſent the diffe- 
rent meridians of the ſeveral countries. This 
circle chiefly. ſerves, 1. To divide the diurnal and 
nocturnal arches into two equal parts, ſo that 
when the ſun is in the meridian, it is then mid - 

day or midnight. 2, To mark the meridian 
h, heighth of the ſtars, which is an arch of the ſaid 
circle, comprehended between the ſtar and the 
horizon. 3. To ſhew the latitude of every coun- 
try, which is that arch of the meridian compre- 
hended between the horizon of the country and 
the pole; or that arch of the ſaid'circle included 
betwixt the zenith of the place and the equator z 
of which we now proceed to ſpeak, * | 
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equator is the boundary from whence we begin 


meridian of ſuch place, and the place through Þ 
(Which with us is London, or the pike of — 


fer to the equator, time is therefore mea - 
f 


26 [6] 


EqQvaAarox. 


The Equator is a great circle equally diſtant 
. from the two poles of the world. It 
Fig. 6. has divers uſes, 1. When the ſun is in 
Wide the equator, the days and nights are 
equal every where, except under the poles. 2. The 


to meaſure the latitude of places, and the decli- 
nation of the heavenly bodies: For as the latitude 
of a country is that arch of the meridian contain d 
between the equator and the zenith of the place; 
ſo the declination of a ſtar is alſo that arch of the 
meridian included between the equator and the 


1, Sg 
By 
v * 
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country is the arch of the equator between the 


which the firſt meridian is accounted to paſs || 


— 


and with the French the iſle 4 Fer) and the right 9 
aſcenſion of a ſtar is alſo the arch of the equator, 
between the firſt degree of Aries, and the meridian i 


paſſing through the ſaid ſtar, 


Note, Both longitude and right aſcenſion are 


as | 


reckoned from weſt to eaſt 4. The circles daily 
deſcribed by the heavenly bodies, being apparent - 


red by the degrees of the equator, 15 of which 
ED 5 are 


—. 


1 | 
are equal to an hour, and conſequently the whole 
360 to 24 hours, E's e 


Zo DIAC k. 


The Zodiack is a broad Circle 16 degrees wide, 
through the middle of which runs the 
W ecliptick of the ſun, or that great Fig. 7. 

circle which the ſun deſcribes yearly, as 
li- it changes its place in the heavens; by its particu- 
lar movement. The ecliptick cuts the equator in 


; with an angle of 230 29' which is the greateſt 
31 declination of the ſun. The ecliptick and zodiac 
are divided into 12 equal parts, call'd Sg. 

beginning from the firſt equinoQial point, or fir 

degree of Aries, and proceeding from welt to eaſt. 
They have the names and figures following, vis. 
d AHies Y, Taurus &, Gemini , Cancer S, Les O, 
Limo W,. Libra =, Scorpio M, Sagittarius , Ca- 
Pricornus W, Aquarius , Piſces . The pan 
IF ticular day of each month upon which the ſun 
enters each ſign, is alfo added: laſtly, each fign 
is divided into zo degrees, and the ſun running 
through very near a degree every day from weſt to 
eaſt, is a little more than 365 days in paſſing 
through the whole ecliptick. TER. 


Cor uA 


The Colures are two particular meridians, one 
Jof which paſſing through the equinoctiul points 
of the ecliptick, is call'd the Zquinodtial Cure: 
The other, paſſing through the two points of the 
Neeliptick, Which are fartheſt diſtant from the 
equator, is call'd m_ Solſtitias Calurs. They 

4 cut 


ro points, called the Fquinoxes, making there. 
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cut. the 8 into 4 equal parts, which make 


the 4 ſeaſons, vis. 1. The ſpring, or that part of ll 
the ecliptick between the firſt point of Aries and 
the laſt of Gemini. 2. The ſummer, or that i 
part of the ecliptick between the laſt point of 
Gemini and the firſt of Libra. 3. The autumn, 
or that part of the ecliptick between the firſt 
point of Libra and the laſt of Sagittarius. 4. The 
winter, or that part of the ecliptick between the 
laſt paint of Sagittarius and the firſt of Aries. 
3. There are alſo 4 leſſer circles, vis. the two 
tropicks, and the two polar circles. The tropicks 
are the ſun's moſt diſtant parallels from the : 
equator ; that towards the north is called the 
Tropic of Cancer; and that towards the ſouth i 
the Tropic of Capricorn. The polar circles are 
alſo parallel to the equator, and paſs through the 
poles of the ecliptick ; one is call'd the Artick, 
or North polar Circle; the other Autartick, or 
South polar Circle. — 


„ ne. n 
Of the Citleſtial Globe. | 
1. The Celeſtial Sphere is furniſhed with the 
ſeveral circles before deſcrib'd, vis. the horizon, 


meridian, equator, the ecliptick of the ſun, the 
two colures, the tropicks, and the polar circles, þ 


5 


* 


a. Through the poles of the world and the % 
divifions of the equator, are drawn circles at every 
10 or 15 degrees, which are call'd Circles of Right 
Aſcenſion. And 3 the divifions of the 

meridian; at every 10 degrees, are alſd m_ | 
Took | * elxeles 


L + 7” WW M7 EF l 
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| : Fk | . | 
ſrcles parallel to the equator, called Circles of © 
Declination. e 5 \ © ar il 


make 
9 
art of 


"= 


_ Fi In the ſame manner, through the diviſions, 
dunn. Ind through the poles of the ec iptick at every 
| » 


90 degrees, are alſo drawn circles, to which we 
ive No name of Circles of Aſtronomical Longi- 
ade: And, laſtly, through the diviſions of the 
Polſtitial colure at my 10 degrees, are drawn 
Pircles parallel to the ecliptick, and. called Circles: 


two WW Alronomical Tatitude. 


picks 3 
i the 1 
d the 
ſouth 4 


4. Every ſtar is plac'd in the interſection of its 
ight aſcenſion and its declination; for example, 
o find the bright ſtar of Aries, whoſe right aſcen- 
fon is 27 35 and its declination 22 17 N. place: 


s are | * ! | 
Ine moveable meridian upon 272 35 of the equator,, 
h the nd that point of the globe anſwering to'22 1 0 


ſrtick, 


zk. or e meridian, betwixt the equator and the north 
ha 


ole, # the place of the ſaid ar z and ſo of all. 
e keit. | | 9 | * 


Pro? Ih | 
Of the Terreſtrial Globes. © 


1. The Terreſtrial Globe is alſo provided wt a 
Moveable horizon and meridian z and the equator;; 
Wliptick, the tropicks, and the polar circles, ins 
Ne manner too at every ro degrees, circles are, 
Mrawn parallel to the equator, which are call'di 
SP aralels of Latitude; and alfo through the! 


les, and through every 10 degrees of the equa» 


. 1 4 | or, other circles which are called Giyc/gs. of Longi»+ 
lrawn |} 7 EY * 1 


1 
* * 


7 7 L 10] i 
Note, Theſe circles of longitude ave more com- 
monly drawn through every 15 degrees of the | 
equator. ' El 4 


2. Every country is laid down in the interſection 
of its proper longitude and latitude, Thus to 
find the pike of Tenerif, whoſe longitude (if the Þ} 
firſt meridian be ſuppoſed to paſs through London) 
$8262 31 and its latitude 38“ 42', being the move-⸗ 
able meridian to 200 31“ of the equator, and 
counting on the meridian from the equator north- 
Wards 380 32 under that point will be found the 

pike of Tenerif. Or if Zondon were the place i 
you look for, whoſe longitude is o“ and latitude | 
510 g2' being the moveable meridian to the firſt | 
point of the equator, and 310 32“ on the meridian 
— ou the place of London on the globe. Thus 


now ing the longitude and latitude, any place on th 
the gl uy eaſily found, Hereafter the ap 
anner of finding both the one and the other me 

all be ſhewn, = — 

0 


4 The terreſtrlal globe may be plae d in three 
different ſituations, 1. If the equator js perpen- 
dicular to the horizon, we call. it a right ſphere, | 
1. If the equator is inclined to the horizun, we 
eall it an oblique ſphere, g. Tf the equator is 

rallel to the horizon, we call it a parallel ſphere. 

he people who live under the line, that is, who t 
have their zenith in the equator, have their ſphere 
right: Thoſe that dwell under either of the poles Þ 
(if there be inhabitants there) have their ſphere 
arallel, . All the reſt of the world have their? 
here oblique. - 0 


| : 1 
f 1 
, When | 
4. ; 8 
* 
n * , ; 4 4 
0 1 


iv 
2 
. 7 
2 ** 
5 

* 


1113 

4. When the * is right, the horizon! cuts 

all the parallels of the ſun into two equal. 
and conſequently the days are all _ to the 
nights. But when the ſphere is oblique, the 
horizon cuts thoſe parallels into two unequal parts, 
and therefore the days are longer than the nights 
in ſummer, and ſhorter in winter, Whereas the 
ſphere being parallel, the horizon not at all eutti 
the parallels, but the one half — (Hoh; an 
the other half below, cauſes fix months day, and 
fix months night, to thoſe who have the ſphere 4 
in ſuch a ſituation, ARE " Þ 


J. Under the equator the longeſt days are but 
12 hours, and the further diſtant we go from It, 
the longer their days are in ſummer, ſo that under 
che polar circles the longeſt day is a4 hours, and 
approaching ill nearer to the poles, we find one 
month, two monthe, three monthe of day-light, 
un a the poles themſelves they came to fix 
montne. | 8 


6. The 4 lefſer circles of the ſphere divide [t 
Into five parte, call'd Zowes, vis. two ſrigld, which 
are between the poles and the polar elrcles 4 two 
temperate, between the polar circles and. the 


d, betwixt the two 


JJ tropicks z and one torrid, 
tropicks, 


? The northern. and ſouthern hemiſpheres are 
each divided: into zo climates. We call a climate: 
2M ſuch a portion of the globe: lying. between two 
200 parallels of latitude, as has a month of day - light 
more than another, in the two frigid zoneey or 
"Hbalf am hour in the * zones. There are * 
1 6 | re | 


th cantures are circles parallel to the horizon, The 


(12) 
fore 24 climates betwixt the equator and either 
of the polar circles z becauſe there are 12 hours We, 
of day-light difference: And there are 6 climates | 
betwixt euch of che polar circles and its pole, be- Not 
cauſe there are 6 months of day-light difference. 


8, There is annexed to the globe, a moveable 4 | 
| Quadrant, call'd, 7 he Quadrant of Altitude, to Wall 
repreſent the azimuths, and the almicantures, Þ 
The azimuths are preat circles paſſing through the R 
_ diviſions and poles. of the horizon, The almi- 


uſe both of the one and the other ſhall be ſhewy ett! 
further on. | F 

Prov, IV, Soo 

Of the Uſe of the Spheye. Fo c 


Sinee the intelligent reader will = of him. he 
ſelf diſcover the moſt part of the uſes of the Whe f 
{ſphere 4 I ſhall here only ſet down a few, which Wc 
may ſerve to open the way for the reſt, \ 
fo render the problems on the globes the more 
eaſy, on one of the poles Is plac'd A elrele, divided iy 
Into 24 hours, with an index fix'd upon the end cor 
of the axis 4 ſo that in turning about the globe, 
the index will paſt over all the hour. 


1. Set the globe to the elevation of the country Wndex 
ou are in, that is, raiſe the pole according to the 
Tatitude of the place, counting the degrees on the 6. 
braſs meridian from the pole to the horizon =» 4 eave 
| an 

>, Obferve upon the eeliptlek the ſun's place, — 
and bring It under the meridian, Then wil oo Wing 
| | | P olnt 4 


| 


| 1131 

er Point of the ecliptick ſhew upon the meridian the 
ts "Weclination of tlie ſun; and the meridian will 
es Whew upon the equator its right aſcenfion, Before 
e- Jou move the glöbe for the following operations, 
er the index of the hour circle to the upper 12. 


{ 


le K 3. Bring the ſun's place in the ecliptick to the 
to Maſt part of the horizon, and the index of the 
es, hour circle will ſhew the hour of the ſun's riſing 
he or that day; then moving the ſaid point of the 
i- Wecliptick to the weſtern part of the horizon,, 
he the index will point to the hour of the ſun's 
vm Wetting, Ol 


4. Having taken the heighth of the ſun before 
oon, and fix'd the quadrant of altitude on the 
Penlth point; bring the ſun's place in the eellptlek 
o coincide with. the quadrant of altitude, on the 
Faſtern fide of the globe; then will the Index ſhew 
m- dhe hour of the day, and the quadrant will mark 
the he ſun's aslmuth on the horizon, The ſame may 
Ich We done on the welt fide of the globe for the after» 
oon. | | l ; 
id 5. Having found the arlmuth of the ſin with 
2nd Wd compaſh, there fix thequadrant of altitude, and 
be, Wringing the ſund place in the ecliptick to the 
uacdrant, the ſame point of the ecliptick will 
Mew the ſun's height on the quadrant, and the 
dex will ſhew the hour, 1 


N 
1 
x 


try 4k 
the 
the 6. The ſame things may be done with the other 
PPeavenly bodies, whoſe places you know, and 
any other curioſities ; as to determine the whole 
ace, tuation ef the heavens for any given time, the 
hat lng and ſetting of all the ſtars, e. 
int 8 g | PA O. 
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vg 
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Of the Sphere in Plano. | \ 


© 


1. The ſphere in plano is nothing elſe but the 
ſhadow of the ſeveral circles of an armillary ſphere 
upon the plain of the meridian, if it were en. 
lightned with rays perpendicular to that plain, 


— 


RX 
* il „ 


2. It is evident that if the circle. A DC be en- 
| lightned with rays perpendicular to it, 
Fig. 8. the ſhadow of any other circle as 

| ABC, perpendicular to it will be 
their common ſection A C. From whence it fol- 
lows, that in the ſphere in plano, all the circles 
which are perpendicular to the meridian are ex - 
preſs'd by right lines: as the equator, the ecliptick, 
the horizon, and all the circles parallel ta theſe. 


| | | '® - 

3. It is alſo evident, that each point of the 
ſhadow A C, anſwers to each point of Wqy 
Fig. 8. the circle AB C by a perpendicular MWivi 
line AC, From whence it follows, hi 
that to know the number of degrees between the Mivi 
point A and the point F of the ſhadowWliir 
Fig. 9. of a circle A B, the ſemi-circle A GB q her 
muſt be deſcribed upon A B, and the hoy 
dicular FG be drawn, ſo will the arch Ms al 
A G give the degrees of its ſhadow A F. © To? 
4 In the ſame manner, to divide the ſhadow: lat 
of a circle A G into equal parts, draw\equ 
Fig. 10. over it a ſemi-circle, and dividing it'Wno' 
into equal parts, from every diviſion ec] 
let fall perpendiculars upon A: Gi, + Wir 


£ 


— 1 
8 
> 
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a 
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5. The other circles of the globe muſt be ex- 
Preſs'd by ellipſes; but I forbear to demonſtrate 
nat here, becauſe it is not neceſſary to the fol- 
Mowing problems, which are ſufficient for our 
Preſent defign. 3 | 


rn 


To project the Sphere in Plano. 


e en- | | 

o It, Prepare the meridian A GB F with its divi- 
le a Pons, and let the points GF be the 
| be poles of the World; the line A B will Fig. 11. 
fol. pe the equator, and making the arch 2 
rcle: HM C 232 29˙, CED will be the ecliptick. C H, 


e ex. PH will be the tropicks, and L N the polar 
tick, ircles; ſuppoſing FL 230 29%, as alſo G. L. 

Further, having divided the ecliptick D E C into 
parts, of which each muſt be 30%; draw thro! 
ne points of the diviſions the lines parallel to the 


nt of uator, which will repreſent the ſigns. Laſtly, 
cular Mivide the equator A E B into 12 parts, each of 
Lows, Which muſt be 159, and through each point of the 
1 the Miviſions, and the two poles, draw the ſeveral 
dow llipſes, and you will have the hour-circles G N F. 


8B "Where ſhould alſo be placed on the center E, a 
| the noveable ruler to repreſent the horizon, divided 
arch Ws above deſcrib'd ; there ſhould alſo be another 

ttle ruler, ſa plac'd upon this, as always to ſtand 


I erf endicular to. it, The figure will make all 
adow lain. The uſe of this ſphere is too eaſy, to 
draw Wequire further explanation. It is fufficient to 
ng it 


g it now, that it ſerves to find the . the 
viſion eclination, the hour, the right afcenfion and 


Fiwuth of the ſun, as we are going to explain 
| : it 


i 

* 

iv 
1 


* 
We 


5 8 "Ui | \ 
[16] || 
it in a manner the moſt univerſal, and which does 
not require the apparatus of an aſtrolabe, rulers 
and other machines, too troubleſome for carriage. 


To aeferibe upon the Sphere in Plano, bo 
Parallels f a Day given. 1q 1 


b 


% N di % % --: | 


i Having determined A B to repreſent 
Fig. 12, the equator, and CD the ecliptick; 
draw E H perpendicular to the eclip- 

tick CD, and the point H will be the place of 
the ſun on the 2oth of March; take then from 
H upwards toward C, as many times zo degrees F 
as there are months paſt, from the 2oth of March 1 
to the day given; and alſo as many degrees as 
there are above the months, and you will have the 
— of the ecliptick anſwering to the day given: 
or example, Suppoſe the 23d of May was the 
oy iven; take 6; degrees from H to I, Which 
will be the place of the ſun on the 2 fd of Mey : | 
From the point I draw I I, perpendicular to the 
ecliptick CD, and through the point L, draw 
MN parallel to the equator, and you have the 
| arallel of the given day that is to ſay, the lt 
"WK ade of the eltele which the ſun will deferibe 3 
LN  thatday, „ 
14 Note, For the greater exactneſt, it will be F** 
1 neceſfiry to obſerve the day the fun enters into 
_h ſign, and ſo to count a degree for each 
* | 4 
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PRO EE M III. 
To find the Declination of the Sur. 


Having laid down the parallel of the day 
YN, meaſure with a graduated ſemi- 

'Y rele, the arch A M, or the angle Fig. 12. 
EM, which is the ſun's declination - 

r the day given. 


PANOILE M IV. - 
To find the Right Aſtenſion of the Sun. 


M8 After del found the point L for the given 
ay; the ellipſis FLG wil cut the | 
auator in the point O, and OE will Ng. 13. 
e the diſtance of the ſun at its neareſt 
4 proach to the equinox E; and as L R contains 
We ſame number of degrees as O E, you muſt 
1 hd the number of degrees in LR (See hg. 9.) 5 
Wave the diftance of the ſun at its neateſt 2 
1 a the 0 1 which. will be the right aſenſio 
If the ſun during the ſpring, and it ſupplement 
gel uring the ſummer; bur during the autumn, you 
uſt add 186, and Aubfirat it from zee during 
We Winter, to find the fun's right 
ſeenſlon, as is * nes Figwe 144 N. 14 
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To find the Point of the Hoyivon where the Su 


place, and the line HE L will be the hotizon 


the point ſought, The degrees between I and H 


_ plitude, with regard to the ſetting of the ſun. 


To find the Hour of the Sun's riſing and ſorting, 


degrees the ſun has run through from its mid da 


number of thoſe degrees by 15, and you have t 
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PronBrEemM V. 


dil be, at any Day or Place given. | 


After having found the parallel 
Fig. 15. MN, for the given I take A H 
the complement of the latitude of the 


the place; and conſequently the point I will b 


will be the diſtance of the ſun from the true ea 
or weſt points of the world, which is the poin 
E. 'This diſtance is call'd the eaſtern amplitude 
with regard to the riſing z and the weſtern am 


PROBLEM VI. 


In the foregoing figure the line IN will gli 
the degrees of the 88 the ſun has rut 
through from midulght at N, to its riſing at l 
In the ſame manner the line M I will give th 


point M, to its ſetting at I, Divide then th 


hours from midnight to the ſun's rifing, and fro 
noon to its ſetting, | 


* " W Y * *** p 
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PROBLEM VII. 


be heighth of the Sun being given, to find the 
Hour and Arimuth of the Place given, 


Reſume the foregoing figure, and add to it the 
ne OD parallel to the horizon H L, | 

o that the arches HO and LD, will Fig. 18. 
De the height of the ſun : Then will 

D be the-almicanture of the ſun, and cutting 
Ine parallel of the ſun in the point V, will give 
N for the hours ſince midnight; VM for the 
ours ſince noon, In the ſame manner VO will 
ive the degrees of the almicanture between the 
Jun and the meridian, or the angle of the ſun's. 
Naimuth with the meridian, | 


R K M A R R. 


A very little reflection upon what has been laid 
own, will render the demonſtration eaſy z and 
zelp to find out many other ſuch-like probleme 
y which may be diſcover'd a general method of 
Feſolving ſpherical triangles, with only a ruler, a 
dulr of compaſſes, and « protractor. 
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NAVIGATION 


PW AVIGATION is a ſcience, by 
which we learn to conduct a ſhip u 
Aeon the ſea with eaſe and ſafety. 

we ſay nothing of the terms, & ſinct 
the perſons for whom this work is in 


T 
tended, will learn them much eaſier from pratic 1; 
than by books, eg 
| N teu 
| | | wn 
AKT. : 
| 11 

Of the Inſtruments uſeful in Navigation, 
| 2 
7 T 2 be proper the reader ſpotiid have tn 
Inſtruments deſeribeu, before him, when Me 
reads what follows, he 
3 | 5 — 2 10 
* Tho' the author (intending this part of his work - 
only for the ule of ſea-faring people) has given no explici_l .. 
tion of ſea- terms and phrales, yet being deſirous to mak... 
the following tracts intelligible to rhoſe likewiſe who ar 
unacquainted with the ſea language; I have annexed to then, 


tranllation, an alphabetical explanation of the ſeveral term 
and phraſes therein made uſe of, which 1 doubt not wi 
de acceptable, 
2 


f(a] 


Taos ©: 


pf Inſtruments for taking Heights with a plumb 
| 8 | 

It has been already remark'd, that the height 
a {tar above the horizon, is an arch of a ver- 
cal circle, or of an azimuth, compre- | 
nded between ſuch ſtar and the hori- Hg. 1. 
on, Thus the height of the ſtar A, Y 
dove the horizon CB, is nothing elſe but the 
rch A B, or the angle A D B. | 


1. The height therefore of the ſtar A may be 
ken with a-quadrant or ſemi-circle divided into 
egrees: That is to ſay, having diſpos'd the In- 
ument in ſuch manner upon ite ſoot, that the 
ummet may play freely upon the limb, dire& 
he fights towards the ſtar A, and the plumb line 
Ill givethe height of the ſtar, or angle ADB, 


ce, by 
UP u 


* ſince 
k js in 
practice 


jon. 


ave t/ 
ben | 


2. In the ſume manner an aſtrolabe may be 
de uſe of, which is a graduated _ 
ſrele, whoſe diviſions begin from Fig. 2. 
he uu I, It 18 to be ſuſpended 
dy the point A, then will the weight B keep 
he line AB vertical, and the line C D hori- 
on'al, Upon the center E, a moveable ruler 


is work 


ee, vith two ſights is contriv'd to turn, which being 
who ar ire cted to the ſtar H, the angle G ED gives its 
ed to thWP<ight, 5 


ral term | 
not wil z. The ring A h is ſtill a better in- 
trument; becauſe its diviſions are more Hg. 3. 


R o iſtinguiſhable. There is a hole piered 
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La 
| thro' in the point C, and as it is ſuſpended b 
the point — the weight B renders the line A! 


yertical, and conſequently its parallel C D, ang 
the line C E horizontal. Thus when the ray M. 
the ſun P, paſſes through the hole C, it falls upo 
the point O, and the angle GCE gives the ſun 3 
height. The whole artifice conſiſts in dividing} 
the ſemi-circle E GD into 90 degrecs, beginning 
at the point KE. e t 
T eſe kinds of inflruments are not fd fit fois 
ſervice at ſea, by reaſon the motion of the ſhip wi 
mot permit the plumb line to ſettle, ger worwwirhWri 
ſtanding the — be made uſe of, by hanging tene 
in — Is (that ts double circles) of upon revers'W@ t! 


P A o v. II. 
Of the Fore-Staff, 


1. The Fore Staff uſed at fea, is compoſed of 
three pieces, vis. a croſs piece or vane DC, i 
moveable ſight EF, and a ſtrait 8 

plece, or the ſtaff its ſelf B A, upon 
which the vane is made to ſlide, and 
ſo exactly fitted, as that it may alwayi 
ſtand at right angles with it. 5 


Fig. 4. 


2. The moſt uſual way of taking the ſun' 
height with this inſtrument, is thus ; place th 
vane C D at the end B of the ſtaff, then apply. 
ing the eye to the end C of the vane, and turning 
the back to the ſun, move the ſight-vane E! 
backwards and forwards till the ſhadow of the 
end D falls exactly upon the ſight E F, at the 
ſame time that the eye at C ſes the extremity o 
the horizon acroſs the ſame fight EF: For ** 

; — t 6 


1 
e line C E is horizontal, and the angle D E O 


ded b 
e height of the ſun above the horizon f this 
n 


ine A] 


D, angle is mark'd upon the ſtaff at the point E, 
e ray offfſhcre the ſight-vaue is brought. | 
ills i 

he Nan 3. Another method is uſed, to take the height 
dividing dare which give no ſenſible ſha- Fig 
ginninWÞw. Placing the eye at the point B 2 


the ſtaff, move the vane C D backwards and 
wards, till the eye at Bat once ſees the ſtar it is 

ſerving by the end of the vane C, and the 
rizon by the other end D; for then will the 


) fit fo 
7 ai 
0.017 ö 
ag then 
revers 


e B D be horizontal, and the angle D BC will 
the ſtar's height above the horizon, 


REMA AR. 


In both ways the part E B of the ſtaff, is the 
gent of the angle B CE, the complement of 


5 


BE in figure 5, and of CEB in figure 
hich is the half of the _ CBD, or CE 
e angle of the height found : Therefore the 
me diviſions of the ſtaff ſerve in both caſts, 


4. The ſtaff BA is thus divided; Draw the 
rpendicular B C, equal to one half ß 
e vane; then from the point C, de- Fig, 6, 
ibe a quadrant D E, and having ſet | 

45 degrees from D to E, draw C E, which 
l cut the ſtaff B A in the point G, and ſo 
ve the diviſion of 90 degrees, ſince BG will 
the tangent of 45 degrees, the complement 
the half of go degrees. In the ſame 
anner divide the half quadrant EF into 90 
rts, and from the point C, drawing lines to the 
id diviſions, your ſtaff will be divided into 


degrees; 


zoſed of 
D C, | 
angular 
\, upon 
le, and 
alway 


e ſun 
ice th 
apply. 
turning 
ne EF 
of the 
at the 
nity 0 
or then 

the 
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' mult be but 1000 parts : For taking from t 
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ſerves for the fight vane, and gives almoſt all th 
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degrees; for in proportion as the angle G C 


augmented half a degree, the angle CG H wi 
be diminiſhed a whole _ i 
The ſame method is to be purſued to lay doy 
the minutes, every 10 of which ſhould | 
diſtinguiſhed, or, if practieable, every 5. 


J. It would be fill much more eaſy to divi 
the ſtaff B A, by means of a ſcale, of the lengt 
of half the vane, divided into a thouſand equi 
parts, and a table of tangents, whoſe ſign tot 


ſcale ſo many parts as are found contained in t 
tangent of 45 degrees, and laying them do 
upon the ſtaff from B to G, you have your fir 
diviſion of 90 degrees, In the ſame manne 
taking from the ſcale the number of parts co 
tain'd in the tangent of 45 degrees zo“, and ſettir 
them upon the ſtaff from the point B, you hai 
the ſecond diviſion of 89 degrees, Sc. Dot 
fame for the minutes. | 


RS i © Þ AP 


IF the vane is ſmall, the diviſions will Qan 
too cloſe, and if large, many of them will fa 


beyond the length of the aff : They have ther 
fore commonly four vanes, the leaſt of whic 


diviſions, Each vane is adapted to one particul, 
fide of the ſtaff, to which the diviſions thereo 
agree; and as the half of each wane, anſwers 
the diviſion of 90 degrees upon its correſponde 


fide, they arc eaſily diſtinguiſhed, 


| Cr 
PA O 


[25] 


CB 
H wi PA Or. HI. 
N Cf the Emgiiſo Quadrant. 
U 5 | 


1. The % Quadrant is compoſed of 
aff AD, and two arches of a cirels, Py M 
wth which have the point A for their Fig, 7. 


d divid ; 

e lengienter, vis. B C, DE; theſe two 

d equ rches together make up a quadrant; the diviſions 
zn to pen B Cate of 5 degrees each, but upon D E 
rom ot only every ſingle degree is mark'd, but even 
| in (very two minutes 1 There are three ſights or vanes, 
n don perpendicular to the —_ of the inſtrument ; 
our fine firſt is fix'd at the point A, the two others run 


mannellne upon the arch BC, and the other upon DE, 


irts co 
d ſettit 
you ha) 


Do t 


2, To uſe this inſtrument, th firſt fix the 
ne F, and then raiſe or fall the * G, till the 
adow of the vane F falling upon the vane A, 
e eye m_ _= to the vane G, ſees the 
vrizon a-crols the ſame vane A: For then is the 
ne G A horizontal, and the angle FAG is the 
ight of the ſun, | 

It will be eaſy to apply this inſtrument to the 
rs, nor will the Reader find much difficulty in 
ſcovering by himſelf the other uſes of the 
adrant, and of the other inſtruments which 
ﬀer but very little from it. 15 


. IV. 


ill ſtan 
will f. 
ve thett 
f whic 
{ all th 
YDarticul; 
theres 
1{wers 


ſponde Errors to be corrected in taking Heights. 


1. I ſay nothing here concerning the parallax, 
crein the error is 8 ſenſible. 
= | 2. The 


DP a O /OL. II. 
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2. The firſt error common to heights, is oc- 
caſion'd by refraction, which makes a ſtar, &c, 
appear more elevated than its true 
Fig. 8. height: As fu paring A the ſun, E 

: the eye, and BC the horizon, the true 
height of the ſun will be AEC; but becauſe the 
ray AD entering into the vapours of the earth, 
is broke in the point D, and paſſes to the eye E, 
thro' the line DE, the ſun will ſeem to be in the 
line E DG, and its apparent height will be DEC 


therefore the angle AE G muſt be ſubſtracted, to 
have the true height AEC. The angle AE G 


b 
is greateſt, when the ſtar, 896, has the leaſt alti 
tude, as may be ſeen in the following table! 
wherein is ſet down, what ought to be deduQed t 
from the apparent height, to obtain the true. : 

Apparent Heights of Value of the Angle of 

the Sun | Refraction. 

Degrees Minutes 

"OW i 0 00S 

2 OE 
$0 A M9" IS _ 
1% SS 3 bY 
20 * * 8 - — 1 hr 


3. The ſecond error regards the obſervation q 
the horizon at ſea ; and it proceeds from that th 
eye of the perſon making the obſervation, bein 

* rais'd above the ſurface of the ſea, ſe: 
Fig. 9. the bounds of the horizen by the ta er 

gent AB, which differs from the hor” 
zontal line A C, by the angle B AC, It wou! 
be eaſy to make a table of this error, with rega he 


to the different elevation of the eye: For as E. 


E i 


the radius of the earth with the elevation of the 


14 oc eye, is to the ſign total; ſo is the radius of the 
» Cc. earth to the ſign complement of the error BCA, 
% true But care muſt be taken, that if the height is ob- 
un, EI ſerved with the eye directed to the object, the 
je true error of the height found be ſubttracted; but if 
uſe the the obſervation Is made with the back turn d there - 
earth, to, the error is then to be added. pl 
* 4 The error ariſing from the not plercing tho 
DECK fights of inſtruments, is ſtill more con- 
ted fiderable | for ſuch fights ive only the Fig. 10, 
'A Þ GM upper limb of the ſun, and conſequent- 

{+ alt. 1y ſometimes give the height 1;“ above the truth, 
table For if the end D of the vane be obverted towards 


the ſun AC B, the ſhadow G will give the 
height of the limb A, and not that of the center 
C, which is ſometimes leſs by 13. | 


>duQed 
ue. 


280 | Sor „ 
Of the Mariner's Compaſs. 


r. There are two oppoſite points in a load- 
ſtone, which are call'd its Poles ; becauſe being 
ſuffer d to move freely, whether ſuſpended by a 

hread, or 2 upon cork in the water, it will 
urn one of theſe points towards the north pole, 


vation Mind the other towards the ſouth, 

at th 25 | * | . „ « 
43 bein 2. This ſtone communicates its virtue to iron, 
\ a, fel ering therefore a load-ſtone, whoſe 
" the talfborth pole is A, and its ſouth pole Hg. Ir. 
"the hoff. prepare a thin plate of iron, 


ollow'd out in the middle, and rounded at 


- _ he two ends, then apply the plate to the load- 
s E None in ſuch manner, that the point C may be 
oy 1 C 2 between 


t 


— — — - ä 4 — = _ * * 
— — —— — (4 — — -v — — — = — - — — — = — — — — * 
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turning 
its point D towards the ſouth, | 


| Whole courſe of the winds, each reſpeRting its 


for perſons ro whom theſe things are very familiar, 


a 
by one of the ſights ; do the ſame for the point Ihe 


[ 28 ] 
between the two poles at E, and conduct it 
ſoftly along the tone, till the point C touches the 
pole A; then will the plate have the virtue of 
FTuening its point C townrds- the north pole, and 


3. Prepare a circle of paſte-board, having on 
one fide laid down upon it the points of the com- 
paſs, and to the other ſo faſten your iron plate, 

hat the point C may exactly anſwer tov the 
north point of the card, and the polnt D to the 
ſouth z then fixing in the center of the card, a 
hollow cone of braſs, and placing It upon a plvet, | 
the card will play freely, and turn its north point . 
towards the north pole of the world, and conſe. t! 
quently its ſeveral divifions will mark out the 


—_— me EE ne 


proper point, 


J. hall not ſtay to eſorilo the other parts of th 
compaſi, ner to obſerve the manner o its iſe; 
neither o T think it needful to deſcribe the compa 
2 variation, or avimnuth compaſs, ſince J vuriti 


. I ſhall therefore only add, that the com- 
af is neceſſary to take the plan of a place at ſea 
ecauſe of the motion of the veſſel. The manner 

of uſing it to that purpoſe, is as follows, Sup 

ſe, for example, it was required to 
take the plan of the road BC DE 
| At the point A, ſo. place your com 
paſs, that through the fights you may obſerve tht 
point B, and mark the degrees of the card cut 


be 
0 

en 
h. 
hi 


Fig. 12. 


and the degrees found between the points iW* 


anc 


4 


& it | WS 
nt and C will be the meaſure of the angle BAC, 
ue of In the ſame manner you may find the angles 
and CAD, DA E, EA F, then from the point G, 


889 alſo the angles FG A, EGF, DGE, 
CGD, BGC, you have ſufficient cotnita to 
g on form the plan of the road, See Pratfical Geome- 
com- %, Prop. 4. | | 
6.07 The declination or variation of the Compaſt, 
mw une compaſt has very often a ſenſible deellna- 
conſe. Itlon, that 1s to ſay, Its north point does not always 
ur the Menſwer exactly to the north pole of the world; 
ng its but tends either towards the eaſt or weſt, We 
ſhould therefore be often deceiv'd, if this deellna- 
tion, which frequently changes, were not exactly 


of ebſerxed, 
516 1 ſhall only give the three ways of obſervin 
KB, he variation (for ſo they term the declination of 


Iaubrite he compaſs) which are moſt eaſy, and moſt 
miliar {ommonly uſed ; but for the better anderflending 
| hem, it would be convenient for the reader to 
ne com-MWave before him an azimuth compaſs, 
at ſea) 
manner 
. Sup 
uired to 
DEF 
ur com 
ſerve the 


1. When the lower limb of the Sun juſt appears 
\bove the horizon, ſet the compaſs of variation, 
o that the fights may exactly reſpect the ſun's 
enter, and obſerve the point of the compaſs 
hich the ſights cut. If that point is the ſame 
hereon the ſun ought to riſe or ſet (which you 
card cuſnay know by the amplitude of its riſing or ſetting} 
point C he compaſs has no variation: But if that point 
,oints II. farther from the north than the point whereon 

anlhe ſun ought to be, the compaſs declines ſo many 
| | 3 degrees 


% 


| [ 30 ] 
degrees, and on the fame ſide with the ſun ; if 
the ſaid point is leſs diſtant, the compaſs declines 
ſo many degrees towards the fide oppoſite to the 
ſyn, that is to ſay, N. E. in the evening, and 
W. in the morning, 15 


2. At any hour of the day ſet the compaſs ſo 
that the ſhadow of a thread, joining the two WW: 
ſights, may fall exactly upon the middle of the 
chapel (for ſo the braſs cone upon which the com- 
)aſs turns, is call'd) and obſerve how much the 
aid ſhadow deviates from the north point of the MW 
compaſs z then ſeeking by the azimuth the ſun's W' 
diſtance from the north at the time of the obſer. WW! 
vation, if the two deviations are equal, there n 
js no variation of the compaſs z but if they are Nee 
unequal, the variation will be as above deſerib d. 


3. When the pole-ſtar, and the third ſtar in the tl 
tail of the great bear (beginning with that at the 
end of the tail) may be cut by a plumb line: 
$0 ſet the compaſs of variation, that the ſame] 
line which cuts the two ſtars, may alſo cut thefd 
two ſights of the compaſs, for then if the ſights” 
of the compaſs fall exactly upon its north point e 
there is no declination ; but if the fights and north 
E do not anſwer each other, the difference will 

e the declination on the ſame ſide with the north 
point of the compaſs. 


-_- 


The demonſtration of theſe practices is ver 
evident; as well as the manner of corretting ih 
variation, or declination of the compaſs. 
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in 5 if . ö 

eclines . 

0 wy Off Sea Charts, | 

| n | 5 | N 

e ts T ſvall ſay nothing of charts which ſome pr 


end tomake, comprehending large parts or portions 
pf the globe ; it will be ſeen by what follows, how 


zaſs ſo | 
iſeleſs they are. 


e two 
of the 
e com- 
eh the 
of the 
e ſun's 


1, Thoſe charts wherein the circles of latitude 
ind of longitude are luid down as parallels, and 
pf equal diſtance, are of no worth (unleſs they 
only repreſent a ſmall ſpace, and that near the 
obſer. 2 becauſe they give the ſame extent to a degree 
there in thoſe parallels near the pole, as in thoſe near the 


hey are quator. 


8 2. Charts of diſtance may be uſeful enough, if 
in thechey are exactly made, They are begun 
at thei 983 down the ſquare 2 Fig. 13. 
b line BO D, and dividing the fide A B, 
e fame bich ſerves as a parallel, into ſo many 
-ut theſqual parts as there are leagues between the 
e ſight o moſt diſtant places towards the eaſt and 
1 point, eſt to be laid down in the chart; and the line 
d north B ſo divided, will ſerve as a ſcale of leagues, 
ice will hen having fixed upon ſome certain point as D, 
e northor ſome noted port, as Toulon, to lay down an- 
other, as ſuppoſing Cape Quiel, draw the line 
DF upon that point of the compaſs, which the 
is off pe ot Hr bears from Toulon, and taking upon 
Ting thi he ſcale ſo many leagues as is the diſtance between 
h he places, lay it down from D upon the ſaid line 
o F, which ſhall be the point where cape. Quiel 
| s to be plac'd, The ſame thing is to be done for 
& o rl the other places to r, laid down in your chart, 


There 


f [98 ] 
There are two methods of trying the truth of 
this ſort of charts, 1, By obſerving if the place 
laid down anſwer to one another by their proper 
bearings ; for example, after having laid down 
Narſeils and Majorca, ſee if they anſwer each 
other according to the points of the compaſs they 
ought to lie upon. 2. By obſerving if the places 
which ſhould have the ſame latitude, fall in the a 
ſame line, parallel to AB. The latitudes may beit 
laid down upon theſe charts, and from the lati- a 
tude, or two different bearings, the diſtance ofWp 
places may be determined. | U 
It is further to be obſerv'd, that to render thisWr: 
ſort of charts truly ſerviceable, they muſt include 
but a ſmall ſpace, and that not near the poles, Wm 
eſpecially if the latitude be laid down in equalWm 
parts taken from the line A C. | ar 


4. * Reduced charts are the beſt ſort, the con- th 
ſruction of which will appear in the following of 
remarks. oy, 


— — 


R E M A R R s. 


In ſea charts, the meridians ought to be parallel 
that the points of the compaſs may bear in 
ſtrait lines; but then this paralleliſm will occaſion 
a conſiderable error in making the degrees of all 
the parallels equal, and laying down, for example, 
20 leagues in a degree in the parallel of 60, whichig, 
ought to have but 10. | 

| To remedy this error, the degrees of latitude 
ought to be enlarged in the ſame ratio, as the 


———_— 
. 


n 


* What the French call Reduc'd Charts, are the ſam 
which with us go by the name of Mercator Charts. 


degree 


89:1 


uth of degrees of longitude are diminiſhed, and the 


place: degrees of latitude will ſerve as a ſcale in ſuch 
proper ſort, that the ſcale increaſing in proportion, as we 
down approach the pole, the degrees of longitude, which 
r each have all the fame th, will contain fewer 

& they leagues in proportion as they approach the pole, 
places Fo find the ratio between the 1 of latitude 

in the and longitude, obſerve that if A B be 5 
nay bel taken for the radius of the equator, Fig. 14. 

e lati- and CD for the radius of a circle nb 


parallel to the equator ; the degrees of the equator 
will be to the degrees of the parallel, as the. 
ler thisWradius A B to the radius CD, (by the 1. 12 of 
include Euclia) or as the fign total to the ſign comple- 
' poles, ment of the arch AC; and as the ſign total- is a: 
 equalWmean POP between the fign complement. 
and the ſecant, (by the laſt Prop. of Z71ig.) we 
conclude, that the degrees of the equator, or of 
he con-MWthe latitude, are to the degrees of the parallel, or 
lowingWot the longitude, as the ſecant to the ſign total. 
Thus taking the degrees of longitude always equal 
for the fign total, the degrees of latitude muſt 
onſequently encreaſe as the ſecants. 


nce of 


Darallel}| 
bear in 
ccaſion 
s of all 
zample, 


Which 


5, Having prepared the rectangle. 

\ BCD, and divided its ſide AB Fg. 15. 
nto ſo many equal parts as you _ 

would have degrees of long.tude in your chart : 
raw through the diviſions, lines parallel to the 
ide AC, which will rep eſent the meridians :: 
['hen having fix'd the latitude where you wouid 
ave your chart begin, and laid it down on the 
ine A ©, for example; 36 degrees north: make 
NE one degree of longitude, the radius of a: 
he fameFircle, from whence: take the ſec nt of Fs. is 
ts. ) degrees for the. line A.F; and the * 
degree, Cx "> 


latitude 
as the 
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more exatlly made with a rule of 10co equal 


every 10 minutes, it Will 


be the firſt part, or the firſt 1o minutes; and by 


and 20' is leſs than the ſecant of a degree and 50 


Ip [34] 
ſecant of 38 degrees for FG, £95; and thus 
you will have the fide A C divided into 
increaſing latitudes, Through theſe diviſions 
draw lines parallel to A B, and they ſhall repre- 
ſent the circles of latitude, After which it will 
be no difficult matter to lay down each place in 
the interſection of its reſpective longitude and 
latitude ; and to add a compaſs to your chart. 


E A ſcale of increaſing latitudes, may be ſtill | 


arts, to one degree of longitude ; to lay .aown 
7 2 ſufficient to divide 
each degree into ſix equal parts. But to perform 
the thing in the moſt exact manner, by the help 
of tables and ſuch ſcale of rooo parts: From the 
ſixth part of a degree, ſubſiraft ſo many parts as 
rhe ſecant of a degree, and 10' is leſs than the 
ſecant of a degree and c, and the remainder will 


adding them, you will obtain the laſt part; in the | 
ſame manner ſubſirafting from the ſixth part of 
a degree, ſo many parts as the ſtrant of a degree 


the remainder will give the ſecond part, and 
adding the ſame, you will get the fifth part. All 


C 


which is clear, 


P R O p. VIII. 
O Tables. 


In Navigation we make uſe of ſeveral tables; p. 
but the chief are the tables of the ſun's declina- Ie. 
tion, thoſe of his right aſcenſion, of his riſing | 
and ſetting, of his eaſtern or weſtern amplitude, .. 

and of his azimuth, or of his hour for his ſeveral FP: 


. heights, 


„„ 
eights. The conſtruction of all which follows. 
Further on ſhall likewiſe be given a loxodromick 
able. | | 


thus 

into 
iſions 
repre- 
t will 
ace in 


1. Borrowing from Aſtronomers a table of the 
un's longitude for every day at noon, with the 
greateſt declination of the ſun, which is 239 290, 


. and nd in conſequence thereof, ſuppoſing in 

9 5 igure 17, ABC to repreſent the 17 
e ſtill duater, EB D the ecliptick, H FI a 
equal eridian, EB the given longitude of the ſun for 


ach day, FG the declination correſpondent to- 
he given longitude, and the arch D C, or the 
ngle FBG the ſun's greateſt declination ; we- 
all be thence furniſhed with the followin 
nalogy, according to the 1ſt prop. of Spherical 
Lrigonometry. | | | 


Abu 
aivide | 
rform 
2 help 
m the 


ts as | | | | | | 

an the Sen total: {gn BF : : ſign F BG: ſign FG. 

of 2 WM That is to ſay, the ſign total is to the ſign of 
nd 75 he ſun's longitude as the ſign of the greateſt de- 
in 1%, lination, to the ſign of the declination anſwering 
bart of Ine longitude given. 5 
aegree | 
aus 2. In the ſame manner may be found the areh 
„ 014 BG, or the diſtance of the ſun from the equi- 


All octial point, by ſaying (by prop. 2. Sp. Trig. 

T he tangent of the greateſt declination FB G: 
en total:: the tangent of the aeclination 
FG: ſign of B G the diſtance of the ſun from- 
the equinoctial point. 


tables; After which it will be eaſy to find the right 


eclina- ſcenſion. „ 

nude 1 3. To get the amplitude, Jet BBD Fg. 18, 

ſeveral N' Preſent the horizon, 8 that FB may rx b 
WE. ba: 


eights, 


W three fides, are known, vis. G E the compl. of 


to 
be the eaſtern or weſtern amplitude; the point EI 
remaining the place of the ſun, and the arch FG MW 
| its declination, and then the angle DB C will be 
the complement of the latitude of the place, 
Which will furniſh the following analogy (by 
prop. 1. Sp. Trig.) | = 
the ſign of the compl. 4 the Iatitude B: ſign 
of the declination EG:: ſign total G : ſign 
of the amplitude FB. yy, 


4. For the hour of the ſun's riſing and ſetting ; a. 
it is to be obſerved in the ſame figure, that if the Ws 
declination and the latitude of the place, are both 

towards the ſame pole, the arch GC = 
Fig. 18. will be the hour of the ſun's riſing, Ha, 
and the arch G A that of its ſetting ; 
but if the declination of the ſun be one way, and Mo: 

the latitude of the place the other, the arch G A/ 
will be the hour of the fun's — and the arch 
* that of its ſetting. It will therefore be eaſy] 0 
to ſay, | 

T p tangent of the en B the compl. of the he 

latitude : tangent of the declination FG :: th 
101 total 4 of G B the compl. of the arch i th 
©, or A. | | | 


5, Thus may be calculated a table of the hour 
and azimuth of the ſun at all heights, for any 
place whoſe latitude is known. For let A B be 
the equator, E the poles of the world, 

Fig. 19, G the ſun, its height above the horizon 
_ GL, its declination G H; the azimuth 

will be the angle G F E, which may be known 
by the reſolution of the triangle G FE, whoſe 


the declination, PE the complement. of en 
© : Ati: 


int F 
1 FG 
vill be 
place. 


(by 


: gn 
7 05 


tting; 
if the 
e both 
180 
riſing, 
tting 1 
an 


e hout 
or any 
A B be 
world, 
1Orizon| 
zimuth 
known 
whoſe 
apl. of 
of the 

lati- 


latitude of the place, and FG the co 
ſun's height. 


compl. of the latitude, and 
in' height. 


of the 
of the 


or by cor, prop. 5, S. 


1. Add the logarithms anſwering the 
of the — 4 


2. Double the lag. of the ſign oral. 


3. Add the log. anfavering to the ſign of half the 
arch 77 of the compl. of 11 Z 
and of the difference between the latitude and the 
height; to that which anſwers to the ſign ef half 
the difference between the comps, of the declination, 
and the difference of the latitude, and of the height, 
Subſtratt the firſt term from the ſum of the 
other two, and the half of what remains will be 
the lag. of half the aaimuth G FR. — 


The ſume muſt be done to have the angle 
G EE, which being divided by 15 will give the 
hour before or after noon only obſerving to put 


: che height inſtead of the declination, in ſuch fort 


that where-ever the declination is uſed in the firſt 
operation, the height is to be made uſe of in the 
ſecond, and fo reciprocally, 
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of SAILING by the S1GNs. 
| PA Or. IX, 
Of a Ship's Courſe, _ 40 


I. W HEN a ſhip fails due north and ſouth, 
the line ſhe deſcribes is a true meridian, 

each degree of which is nearly 60 thouſand geo- 
_ metrical paces. | | 


2. When a ſhip ſails eaſt and weſt under the © 
line, her courſe is the equator its ſelf, the degrees | 
of which are equal to the degrees of the meridians: | 
But failing eaſt and weſt out of the line, her 
courſe deſcribes a paralle] to the equator, the 
degrees of which are to thoſe of the equator, as 
the ſign comp]. of their latitude to the ſign total 


(by prop. 7.) 


3. When a ſhip ſails upon a rumb line, which 
makes an acute angle with a line due north and 
ſouth, her courſe does not form a circle, becauſe 
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[ 39 J = 
deſcribes a line making the ſame acute angle 
ith all the meridians, which no circle can 
or example, let CD repreſent the | 
quator, A B any meridian, and EF 
ee ſhip's courſe, I ſay Eis not the 
rch of a circle, N - 


Fig. 20. 


Demonſt. Since the ſhip keeps the ſame point 
f the compaſs in running through the line E E, 
1l the angles made by the courſe EF with the 
veral meridians will be equa], and moreover by 
he ſuppoſition acute, But if E F was a portion 
f a circle, it would make a right angle with the 
eridian paſſing through its poles (by ſup. 6 Sh. 
[rig.) and with the other meridians, angles more 
r leſs acute, in proportion as they are nearer or 
arther from that. 

4. The courſe EE will be a curve line, com- 
doſed of an infinite number of right | 
ines: To explain the matter, ſuppoſe Fig. 20. 
What in parting from the point E, the 
Whip holds a courſe which makes with the 
Meridian the angle AER, ſome one.meridian as 
oroes R muſt meaſure this angle, and that meridian 
ener vill fall perpendicular fe ER ; now the angle 


E R, will be more acyite than the angle A K R, 
hich the fhip will make with the next following 
eridian, if ſhe deſcribes the arch ER; there- 


or, ** ore when the ſhip comes to the point K, ſhe 


i total Nnuſt quit the arch EKR, and fall into the line 

| H, ſo that the angle AK H, may be the fame 

is the angle AER; but the ſhip's courſe, be it 

ver ſo ſmall, muſt meet with an infinite number 

df different meridians, it therefore follows, that 

e muſt continually deviate from the circle E mw 
Es an 


which 
h and 
ecaule 

it 
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infinite number of right lines CD, perpendiculat 


[40] 
and thoſe that ſucceed it, and that her court; 
muſt be compoſed of an infinite number of line 
of which each will be part of the ſhip's keel 
and conſequently a right line, 


REMARK 


A ſhip's courſe deviates more from the equater 
or approaches leſs towards it, than if it deferib'd 
a great circle z becauſe in order to make the angle 


towards the neareſt Pole, For ſuppoſing G the 
place of departure, when the ſhip comes to thy 
point IL, continuing the great circle, the angle 
would become leſd acute; and conſequently to 
2 them equal, the ſhip muſt leave the archWr 
LE, and fall into LM, which will carry thei 
courſe towards the pole B. It was ſaid, that the 
angles which any one circle makes with the: 
meridians, would become leſs acute in proportion 
as they approach the equator, or the line z becauſeWe 
in approaching the line, they become more diſtanWri 
from that circle with which they make a rightMo: 
angle, or whoſe poles or moſt diſtant points are inj 
the equator, upon Which the poles of all the 
meridians fall. 


| 

[ 

equal, the courſe muſt * ſomething: 
0 y 

| 


„ 
Of the Loxoaromick Triangle, 


Let us deer the courſe A B compoſed of ani 

infinite number of _ lines, making 

Fig. 21. the ſame angle CAB with all the 
meridians : We may then imagine an 


to 


411 
r cours the meridians in the points C, which with the 
of lineWparts of the meridians C A, likewiſe right lines, 
p's keelWvill form an infinite number of reQangled tri» 
ingles A CD, right-lined and fimilar to each 
fther, which will furniſh us with the following 
efletions, | | 


equator 1, All the baſes A D of theſe . make 
eſerlb ip the ſhip's courſe ; all the ſides A C make up 

e angle Arch A I, or the ſhip's advance in latitude ; 
methingW&nd all the ſides CD make up & mean arch 

q G thefWween AF and E B, or the ſhip's advance in lon» 

| to theitude. : 

> angle | * 
ently to 2. All the baſes A D of the 2 ACD, 

1e archWtrc to all the ſides A C, or to all the ſides C ); 


is any one baſe A D, to one fide A C, or one 
ide CD; fo that glving to one baſe AN, the 
alue of all the baſes ; and to one fide A C, or 
D, the value of all the reſpeRive ſides z by the 
eſolutlon of the right lined and rectangled 
rlangle ADQ, we obtain the reſolution of the 
Joxodromick triangle AL B. | 


P R o 2. XI. 
Of a Ship's reckoning. 


rry the] 
hat the 
ith the} 
portion 

ecauſt 
diſtant] 
a right] 
'$ Are in 
all the 


1. To make a judgment of a ſhip's way, we 
uſt regard the force of the wind, the number of 
lails, and the manner in which they are ſet, but 
d of anſſabove all muſt be conſidered, the rapidity of the 
nakingWwater paſſing along the fides of the veſſel ; all 
all the which with good experience may enable a man to 
ine anWnake a tolerable reckoning, eſpecially in a ſhip 
diculatſhe has before tried, — 
2 * 
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by it the ſhip's way, they throw it into the 


For if 50" g 
makes ſo many leagues an hour as the log runs 


fore be eaſy to divide the log line in the follow- 


[44] 


u. The uſe of the Egg le very good, It is 4 


piece of wood of hulf a foot long, and tw 
inches broad, cut into the ſhape of 

Fig. a2. boat, as A B, underneath which i: 
 fix'da little lead by way of ballaſt, thiy 

log is faſtened to à line by two cords, one of which 
ls faſtened at the point A, and the other at thi 
point B is only held by a me thruſt into a hole, 
out of which It may eafily be recovered. 'The 
log being thus prepared, when they would Judge 
over the ſtern, and veer out the line as the ſhip 
advances to the length of 20 fathoms; obſerviny 
by a half-minute glaſs the number of fathom 
run out in that time; if then the number is 25, 
they conclude the ſhip makes one league an hour i 
ives 25 fathoms, co“ or an hour will 


give 3000 fathoms, or one league, the ſhip then 


out 25 fathoms in half a minute, It will there. 
ing manner: Meaſuring 20 fathoms from the log, 
there place a white mark, as viſible as may be; 
then at the end of 6 fathoms and +, place a mark 
for 4 of a league; and at 6 fathoms and 4 further, 
a mark for 4 a league, £9c, 


3. I ſhall not ſtop here to conſider thoſe 
machines with wheels, which ſome Authors have 
ropoſed for the ſame purpoſe, The ſight © 
the ſea its ſelf is ſufficient to ſh&w their uſe 
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two 


pe of 4 
hich it 
laſt, thi 


f which 


r at the 
a hole, 
„ 
d judge 
the ſeq 
he ſhip 
ſerving 
athomy 
r is 25, 
1 hour 
bur will 
ip then 
og run! 
1 there. 
follow. 
he log, 
ay be; 
a mark 
further, 


thoſe 
rs ha ve 
ght © 
it uſe- 


rw] 
= MESS: Xl, 
Of the difrence of Latitude. 
Tho difference of latitude between the place of 


parture, and that of arrival, may be found 
eral ways. Z | 


1. Take the ſun's height at noon, and to the 
mplement thereof, add the ſun's declination for 
o time, if It be on the ſame fide of the equator 
ith your zenith, and if it be leſs than the ſaid 
mplement, the ſum ſhall be the latitude of the 
ace where you have taken the altitude : But if 
e declination of the ſun be on the other fide of 
e equator, it muſt be ſubſtracted from the comp, 
the ſun's height, to find the latitude of the 
ace, „ 325 
To demonſtrate this rule, let us ſuppoſe A B 
e equator, G the zenith, CD the 5/24 
orizon, the arch A G will be the 
titude of the place; and if we ſup- 
pſe the ſun at the point H, the arch H G will 
2 the complement of its height, and H A will 
its declination ; but if the ſun be ſuppoſed at 
e point E, the arch F G will be the complement 


Fig. 23. 


F its height, and F A will be its declination. 


Demonſ. It is evident, that if the ſun be on 
e ſame tide as the zenith, that is to ſay, if it be 


t the point E, the declination A E, ought to be 
ded to P 
elght, to 
ary, if the ſun be on the other fide the equator 


„the complement of the ſun's 
give the latitude AG, On the con» 


the point H, its declination H A, ought to be 
| | _ ſubſtracted 


3 [ 44 ] = 
ſubſtracted from HG, the complement of | 
height to obtain the latitude A G, 

may happen in the torid zone, that the zeni 
and the ſun may be both on the ſame fide of 
equator ; but the ſun's declination may be great 
than the complement of his height; as for e 
ample, if the ſun be at the point G, and t 
zenith at the point F; in that caſe EG the con 

lement of its height, muſt be ſubſtracted fro 
G A its declination, to have the latitude F A, 


2. The ſame thing may be done by ſuch fan 
whoſe declinations are known. | 


3 When the pole ſtar, and the third ſtar in th 
tail of the great bear, reckoning from the end 
may be cut by a plumb line, take the height « 
the pole-ſtar, and if it be above the other, ſul 
ſtract 2 22 40“ or add the ſame quantity if 
be below, and you will obtain the height of th 
pole, or the latitude of the place. *. | 


4. Several tables may be made for correctit 
the * of the pole; but one of the moſt uf 
ful is that which is compoſed of the height of th 


By reaſon of the variation of the pole-ſtar's heigh 
in its preſent approximation towards the pole, which 
a mean ratio is accounted nearly 19“ 42 yearly, th 
preſent quantity to be added or ſubſtracted to the alt 
tude of the pole-ſta to obtain the true elevation « 
the pole, is 26 8' 34/4 inſtead of 49 24! 40" as above, 


neig 


ml 
| onbouring ſtars, when they are found equal 
* Þ the height of the pole -x. ** 
| omit the other methods of diſcovering the 


a” ni tude by taking altitudes, becauſe they are not 
6d proper for uſe at fea, 

— a | P R 0 P. XIII. 

= * Of the Longitude, 

13 | 


This is a problem which has hitherto been 
oht in vain, I mean to find the longitude at 
„ with the ſame eaſe and certainty as the 


ch far 
| itude, 


«By th 1. Some have thought to find it by means of an 
K e. act pendulum, which being ſet to the meridian 
eig ul their departure, may keep the exact time of 
— c cir courſe, ſo. that obſerving the hour at the 
; 15 0 ice of their arrival, and comparing it with the 


ur of the place of their departure ſhewn by 
pendulum, they thereby may ſee exactly the 
ference of the meridians; for, ſay they, it the 
ur ſound at the place of arrival, is earlier than 
hour ſhewn by the pendulum, divide the 
ference of the time by 4 minutes, and the 
otient will give the number of degrees made 
ward in the courſe, But beſides the difficulty 


Drreftit 
no{t uk 


ht of th 


1's beige EO 

which “ The table in this place-mentloned (tho! infirted-in 
early, th original) is purpolely here omitted, by reaſon of the 
) = alt vc-hinted variation of the pole-ſtar; and as the other 
vation 0 


ts are likewiſe more or leſ: wise to ſuch variation, 
re can be no lixing of certain allowances for any long 
ntinuatce of time, which mult conſequently render 
h table in a manner uſtleſs, 


neig| of 


as above. 


. 


j 


= | ſ 46 1 
of getting a pendulum not to be affected vi 
the ſhip's motion, and the trouble of finding 
| hour exactly at ſea ; the ſmalleſt error will 
found conſiderable, becauſe 1 minute of time gif... 
15 minutes of longitude, 


2. Thoſe who would make uſe of the Moo 
longitude, or the ſatellites of Jupiter to the ſa 
purpoſe, ſucceed Kill worſe : Tho! indeed by t 
1mmerſions and emerſions of the firſt ſatellite 
Jupiter, the longitude of a place may be fou 
aſhore, where there is opportunity of frequen 
repeating the obſervation, 


3. There remains therefore no means mo 
| certain for finding the longitude, than by the! 
ſolution of the loxodromick triangle, 


PR O:. XIV. 
Of the Angles of the loxodromick Triangle, 


1. The angle oppoſite to the ſhip's way is righ 
and the angle oppoſite to the difference of long 
tude is given by the compaſs, being the angle 
the rumb, or the angle made by the ſhip's kt 
with the meridian prop, io). For whit 

urpoſe the box of the compaſs is ſo diſpoſd 
that the black line thereof may anſwer exactly! 
the ſhip's head; and ſo the rumb anſwering t 
ſaid black line, is the line of the ſhip's cour 
and the angle which this rumb line makes wi 
the meridian, or the arch between the ſaid blat 
line, and the meridian upon the compals, gi 
the angle oppoſite to the longitude, : 


[ 47 ] 


ted vii] it is to be obſerved, that each rumb line or 
_ ,oint of the compaſs gives an angle of 119 7% 
will herefore multiplying the points of the compaſi 


between the black line and the meridian by 114, 
he product 4 the angle oppoſi te to the diffe- 
ence of longitude. | | 


» Moo | 

the ſan 2. Care muſt be taken to correct the variation, 
d by i hat is, it muſt be added, or ſubſtracted, as occaſion 
tellite Wecuires, to the angle given by the compaſs 
de foulyere are many ways of doing this, but the mol 
requen:\y is to turn the black line of the compaſd in 


roportion, to ſtarboard or larboard of the ſhip's 
zead, on the fide the variation lies ; for then the 
lack line will give the rumb, or point of the 
ompaſs cor reed. 


ns ma 
y the! 
P R 0 Pp, XV, 


angle, To reſolue the loxodromick Triangle. | 


The loxodromick triangle, which may be 


118 rig ken for a right-lin'd rectangled triangle, may 
of lone reſolv'd, if fo much of its angles or fides are 
angle Wrown, as are neceſſary for its determination 
ips End by this reſolution, we obtain the angles and 
r whiſhdes unknown, | 

diſpoſd „ 

Xa lyt S E O 1 I, 

ering t 

court Departing from the latitude of 40® N. and 
rel *. eing arrived at 42 by a N. N. E. courſe, jt is 


— to find the diſtance ſailed, and the 
erence of longitude, That is to 

6 in the loxodromick triangle ABC, Fig. 24. 
erein the angle B is right, the diffe- 


1s, 81 


rence 


| = (48 ] 
rence of; latitude AB, and the angle of thi 
rumb BAC are . and the — A ft 
and the difference of longitude CB are required, 


1. Multiplying the 3 c the advance {1 
latitude, by do miles, and the fide A B is foun 
to contain 120 miles, 8 the 2 point 
between N. N. E. and the north point by 114 th. 
5 BAC is found to be 229 300, then form thi 
fol _ — "RAR 
en C, comp. of 22% go! t r20 miles : : ſien total 

BY the miles of the courſe A C 136, 

Sign C, comp. of 220 30! : 120 miles; : ſign A 

the miles of the longitude B C 52. Jas 


2. If you would reduce the miles of longitudMi: 
B C, into degrees, obſerve that theſe miles are ru 
upon the different parallels between 40® at thy ! 
departure, and 429 at the arrival, and therefor] , 
without any confiderable error, you may ſup . 
poſe them run upon the parallel of 41 a meh 
proportional between 40 and 42. To redud 
them then into miles of the equator, correſponden 
to the miles run upon the parallel of 419, uſe tht 

following analogy, | 192 1 5 

Sign comp. f 41: ſign total:: 52 miles of tlWeo 


parallel 41* : mites of the equator 69. | Tot: 
And thus you will find 1® 9“ for the difference or 
longitude. on 
s E C T. Il 4 

re 


Departing from the latitude of 40˙ N. an 
arriving at 42, after ſailing eaſtward 136 miei 
it's requird to find upon what point of the con : 

| 1 pul 
V 


i | 


(4] 1 
210 the courſe was held, and what the difference 
F longitude, 9 i | | 


— 


In the ſume trlangle ABC wo ſky 3 
185 miles contained in the baſt A off ' 


f 11 120 Miles contained in the line A Bi /ign of 
p the angle C, compl. of the angle A. 
. frerwards the difference of ongitude is found 
rm thi 


in the preceding ſectlion. 
ger. m. 
Departin from the latitude of 409 N. and 


having ſailed 136 miles on a N. N. E. courſe, the 
ifference of latitude, and the difference of lon- 


zn total 
ſigns A 


ngitudWitude are required. 

are ru | 

dat th In the ſame triangle ABC we ſay, 

herefo Sign: total B: 136 miles AC:: /ign Ccompl. of 
ay ſup A: difference of latirude A B. 120 miles, or 25. 
a Mea | 


he longitude-C B is found as in Sect, 1. 
rr. Iv; 


redud 
ponden 
uſe thi 
2s of tl 


rence 0 


If the longitude and latitude be known in 

egrees, the point of the compaſs and 

ngth of the courſe may be found. Fig. 24. 

or in the triangle ABC, the miles 

ontained in the line A B may be found, by mul 

plying the degrees of the difference of latitude 

y 60 miles; and further, the miles of the dit. 

rence of longitude may be found, by multiply- 

g the * degrees by 60, which will give the 

ze mileſhiles of the equator anſwering to the miles of 

the conſe line BC; then to find the miles of the line 
paß C form the — 

Vor, II. : 


N. ani 


Sign 


_ 

Nen tetal 1 ſign comp. f the mean parallel be. 
tuen the departure and arrival 1 1 the mile! 

of the equator i miles of the line C B. 


After having thus determined the miles of the 

line A B, and of the line B C, form the follow. 

ing analogies, | OBE. 

Miles ef AB: miles of BO: : ſign total: tan. 

gent of the angle of the rumb A, Then, 
Sign of the angle A: miles of BC : : ſign: total 
2 Iniles of the courſe AC 


* 


4— 


RI A An . 


1. The ſame thing may be done with the lon. 
gitude as with the latitude, fince thedongitude it 
given in miles, and not in degrees, 


2. When the latitude of the departure, and that 
of the arrival, are one ſouth, and the other north; 
it requires two operations, of which the one 
ſhall take for the difference of latitude, thi 
diſtance from the departure to the line, and thai... 
other ſhall include the reſt, Alſo if the courlMſ, : 
be given, it muſt be divided as the latitude, b 
this analugy 3 

Miles of the whole difference of latitude i mile 

the whele conſe it the miles of the latifia 
2 the firſt eperaticn : miles of that part of 11h. :; 
cotnſe. : 5 


3. When a Ship has made ſeveral differen ; 
courſes, it is eaſy to reduce them to one, affe 
having ſeen by the reſolution, what each giv 
with reſpect to the four cardinal polnts 4 ne 
adding together all that tend towards one polniMitt 
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%a ſubſtracing therefrom whatſbever tend to 


min Une contrary point z the remainder will be th 

rue dlckrehed in fon Itude and latitude, om 

p hence may be deduc'd the true courſe, and the 

« the Point of the compaſs or rumb line anſwering the 
ow. Feveral Routs. See the following example. 


N. 6. 8 


: fan. 
1 Rout Degrees 2 1 
a totai „ 0 g x 5 
j -- 4 0 TY 
Sum 6 3 1 5 
3 "Fj 


tude 1 Value of the roots 3 North 2 Weſt 
nd that 850 Ly Fa | 

_ Con ARCTION 8. 

le, tu It often happens, that after you have reſvly'd 


and th 
2 courl 
ude, b 


» 1 Mill 
lati til 
rt of 11 


1e loxodtomick triangle (by Sect. 3.) with reſpect 
o the reckoning made of the ſhip's _ and the 
mb line given by the N you may find b 

dme obſervation of an altitude, a latitude dit- 
rent from that found by the ſaid reſolution z and 
an obſervatlon by an altitude is more certain, 
an either your rec 14. or the compaſs; elther 

e One, or the other, or both, are to be corrected 
the following manner, k, IF the courſe fall'd 
1 is very near to a due north and fouth line, the 
Eckoning is correfted by making the reſolution 
y Set, 1. 2. If the courſe failed on, be near! 

\ eaſt and weſt line, we keep to the latitude an 

Iſtance, and correct the tumb ling by geét. 2, 


di fferet 
ne, afit 
eh giv 
its 4 i 
e poln 

fl 


an 


1 21 
* the courſe failed on is nearly N E, and 

W or 6. E. and N. W. we flrft corre the 
diſtance by Seck. 1. then taking a mean diſtance 
between that of the reckoning, and that glven b 
the correction, and by this mean diſtance, corre 
the courſe or rumb line. The reaſon of theſe 
practices is eaſily diſcoverable. 


a a+ a. 


750 


. 
4 1 


f theſ 


PART II. 
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O FSAILINO air bout regarding the 816 x. 
„ vb 
Of ſailing by the help of Tables, 


1 . T H E loxodromick table ſhews under each 
rumb the difference in longitude, and the 
diſtance anſwering to each difference in latitude. 


2. The table conſiſts of but ſeven columns; 
ſeven rumbs being ſufficient to diſtinguiſh the 
whole compaſs, and by the help of this table, may 
be performed all the operations before done by the 
ſigns, For if we allow, for example, one degree 
of difference in latitude by the N. N. E. look in 
the column which gives 22 degrees 3o' for the 
rumb, the diſtance anſwering to one degree of 
latitude, to wit, 65 miles, will be the Jiftanco 
ſailed z and the 24 of longitude oppoſite thereto, 
is the diflerence of longitude, In the ſame man- 
ner having ſailed 6o miles by the N. E.4 N. I look 
A R IF in the column of the third rumb for 60, and I 


Wy; find 


[54] 
find over againſt it 2)“ for the difference of lon 
gitude, and 40“ for the difference of latitude, 


3. Regard muſt be had to the latitude of the 
departure in the uſage of this table, and ſubſtrad 
that which goes before, from that which follow 
in the table, to find what you look for ; for ex: 

ample, having departed from the latitude of 45 
N. and being arrived at the latitude of one de 
gree N. after having ſailed 102 miles; I run 
through the columns of rumbs till I find ene, 
where the diſtance anſwering to 40“ being ſub 
ſtrated. from that anſwering to one degree, the 
remainder is 10: miles, and I find it to be the 
column of the ſeventh rumb, or of the E. 34 N 
E. if I failed on the eaſt fide. In the ſame 
manner I ſubſtract the longitude anſwering to 40, 
from that anſwering to one degree, and the re. 
mainder is-1* 40“ for the difference of longitude, 


4. The conſtruction of this Table is eaſy ; for 
having found (by Sect. r.) the miles which 10 
in latitude gives under each rumb for the lot 
gitude, and for the diſtance, we ſet down twice 
the number for 2c; three times for zo“, Ec. and 
then reduce the miles of longitude into degrees. 


= A OD RR DO MT1TC-xX 


5. Thoſe tables which give the value of degree: 
of each parallel are not to be neglected: Their 
conſtruction will appear from what has been 
before ſaid, in the ſeyenth propoſition, 
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14 Paor XVII. 
Of ſailing by the Quadrant, 1 

The Owadrant of Reduflion (as it is called bill. 
the French) or Sinical Quadrant, is nothing elſe bu 3 


a irq ſquare divided into ſeveral ſmall ones, upo 
which may be found all ſorts of right-lin'd re&tar 
gled triangles, with their ſides divided into equi 
parts. The conſtruction will appear plain from the 
Figure; only take notice that the ſcalt 

Fig. 25, EF, is a ſcale of increaſing latitude 

| or of ſecants, whoſe radius is equal tt 
one of the equal parts of the quadrant, The 
nine lines drawn from the center A, repreſents al 
the rumbs of the wind; the line A C ſerving ſo 
the north and ſouth, and the line A B for thi 
eaſt and weſt, 


LY 


8 E G To I. 


Having ſailed between the g6th and goth 
degrees of north latitude, and having advance 
85 miles towards the eaſt, it is required to knoy 
the degrees of longitude anſwering the ſaid 8; 
miles; or, which is the ſame thing, it is required 
to find how many miles of the equator are equi 
to theſe 85 miles: And this is what is call'd. rc 
| ducing the miles of longitude, to miles of thi 
equator, 
There are two ways of reſolving this queſtion 
by the quadrant, 


. Take upon the line A C, ſo many parts « 
there ate degrees of eaves between the 17 
; an 


L. 770 

and arrival, vis, 4, and you will have A K, then 
extend the compaſſes upon the ſcale E F from 
26 to 40, and carry that extent from A to N; 
then counting upon the parallel K L 85 parts to 
L, reckoning 8 to each diviſion of the quadrant, 
and the line A L cutting 2 N M in the 
point M, gives upon N M, the miles of the 
equator, anſwering to the miles of the parallel, 
i. 104 equal to 19 44', The demonſtration is 
founded upon this, that the line AK will be to 
the line A N, as the ſign total to the ſecant; or 
as the ſign complement to the ſign total ; and, 
conſequently, K L will be to N M, as the miles 
of the parallel, to the miles of the equator (by 


Pro.) 


2. Extend the thread of the quadrant from 
A to the 38th degree of the Arch BC ; becauſe 
8 is the mean between 36 and 40, then countin 
upon the line AB, 8; parts to the point H, 
reckoning 8 parts to each diviſion of the qua- 
drant z W HI cutting the thread in the 
point I, will give the miles of the equator upon 
A; fince in the triangle A HI, the fide HA is 
he ſign complement of the mean parallel 38, and 
I A is the ſign total; accounting therefore 8 parts | 
to each diviſion of 1 A, you will find r04 miles 


e 


3 If you would change the degrees of longl- 
tude into miles, firſt reduce them into miles of 
the equator, which are meaſured upon the line 
MN, ot Al, to have the lines K L, or AH, in 


reverſing the operation, 
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SECT, II. 


Sailing from the latitude of $369 N. and havin 
run 120 miles upon a N. W. courſe, it is required 

to find the difference in longitude, and in latitude, 
1. Reckon upon the line AC 120 parts from A 
to E, allowing 6 parts to each diviſion of the 

uadrant. Then n extended the thread © 
from A to E, ſet it off upon the line AD which 
repreſents the N. W. and it will give the point „on 
and the rectangle triangle A F G will repreſent oi 
the loxodromick triangle, whoſe fide A G will befWnc 
the difference in latitude, and the fide G F the ni! 
difference in longitude ; allowing therefore 6 part o 
to each diviſion of theſe fides, you will find 85 
miles, or 10 25 for the difference in latitude, and 
85 miles for the difference in longitude, which 
you may reduce into degrees (by the prec.) 


SECT. III. 


Sailing from 36 degrees of north latitude, and 


| having run 120 miles towards the eaſt, it is found I 
by an obſervation, that. the ſhip is arrived ind 
370 25 N. it is required therefore to find tit is 


rumb, and difference of longitude. 


1. Reduce the difference of latitude, which 1 
10 25' into miles, which will be found 85, and 


reckoning them upon the line A C, from A to GIF G 
accounting 6 to each diviſion ; reckon likewik 
120 upon the ſame line to E, and extending tht 
thread to E, move it about till it cuts the parall 
G PF in the point F, ſo ſhall you have the lox(gYÞ r. 
dromick triangle A FG, whoſe angle G A F q orre 


45 


[ 59 ] 
59, will give you the N. W. rumb line, and the 
ine G F will give you 85 miles for the difference 
n longitude, Which may be reduc'd to degrees. 


— 


— by Sect, r.) 

uire 

titude, SECT. IV. 

rom A 

of the Sailing from $36 degrees of north latitude, and 
thread oo degrees of longitude, a ſhip is to be brought 
whichhho a place in the latitude of 3) 25' N. and in the 
dint F, ongitude of 97 39 it is 1 to find her 
preſent ourſe and diſtance. Reduce both the longitude 
will beWnd latitude into miles, and you will find 85 
F thefWniles anſwer both to the one and the other, which 
6 parti ou are to number upon the line A C for the la- 
ind $5[Mitude to the point G, and for the longitude, from 
le, andWhe point G upon the parallel GF to the point 
which; ſo ſhall the line FA be the diſtance, vis. 


| 20 Miles, and the angle FAG will give the. 


umb line or courſe, vis. N. W. 


r. 

de, and | 
found 
ved in 


nd th 


Departing from 36 degrees of north latitude,, 
nd having ſail'd to 379 25 upon a N. W. courſe, 
t is required to find the diſtance fail'd, and the 
ference in longitude. Reckon the miles of the 
lifference in latitude, vis. 85, upon AC to G, 


hich he parallel G F cutting the N. W. rumb in the 
35, anpoint F, gives FA for the diſtance failed, and 
A a. G tor the difference in longitude, ED 
ikewil | 


ling thi REMARK Ex 6 

para 5 | SD 
e lox\o TI. There is nothing particular with reſpe& ta 

APF 0 


orrections, upon the — 


45 2. The: 


[ 66 J 
. The analogies may be all worked on the tat 
quadrant, without recourſe to the table of ſigns:¶ X 
tor example, . 2 oe. 
To find the amplitude, there is given the 
following analogy, 
. T be ſign compl. of the Iatituge : ſign total:: 
ſign of the declination : ſign of the amplitude. 


Suppoſing then, that we were to ſeek the am- 
plitude in a place whoſe latitude is 380, and that 

e ſun's declination was 10%, extend the thread 
from A to the 38 degree of the arch BC, and 


taking CR of 10, the parallel R O will cut the {ca 
thread in the point O; transfer AO upon AP, 
and the parallel pT ſhall cut the arch B C in 
120 337%, which will be the amplitude. The 
reaſon of which is, that in the operation 38 G, l 
the ſign, compl. of the latitude, is to 38 A-theM ha. 
fign total, as QO, the ſign of the declination and 
to AO, or AP which will conſequently be the arri 
ſign of the amplitude (by 4. 6. Euc.) | mil 
(a 5 | . doy 
3. In the ſame manner may be done those to: 
analogies, where the tangents and ſecants ate mil 
made uſe of. For example, ſuppoſe this analogy MW rall 


Tangent F the ſtin's greateſt declination i tan oft 
gent of the declination of 10 degrees: : ſien rota dill 

: ſign of the ſun's diſtance at its neareſt approach the 
to the equinox,” | | | 
Extending the thread thro' the 10% of the arch 
BC to pet the tangent X B, and having transferr'd 
jt upon the point Y, ſo that it mi | through 
230 2%, which is the ſun's greateſt declination, | 
find the parallel X Z cuis in the point Z, and the 
parallel Z V cutting the arch B C in the point - 
| Wi 


. 


will give V C for the arch ſought. For ſo the ""l 


the tangent I B of 23% 29 will be to the tangent 

ons Wl X B, or Z S of 10%, as the ſign total A B, to the 
gn SA, or V to that which will conſequently be 

the the arch ſought (by 4. 6. Euc. + _ 


a P RA OP. XVIII. 

| , ſailing by Charts. 
am-. e . - 
that The ſame rules before given, concernin 


be 
nread chart of diftance, may be applied to the —4.— 
andi chart with more eaſe and certainty in taking the 


it the ſcale of latitude, - * A amt. 1 
arll =. „ 
The 965; io 


8G Departing from the point A, and 
\ the having made two degrees to the north, Fig. 26, 
ation and 240 miles to the weſt, the place of | 
e the arrival is required, The 2® reduc'd, make 120 
miles, which taken upon the ſcale, are to be laid 
down from A to B northwards, upon a line parallel 
thoſeW to a line N. and 8. then taking upon the ſcale 240 
s are miles, lay them down weſtward, upon a line pa- 
logyMl rallel toa line E. and W. and you will find the point 
of thearrival C: So that the line A C will be the 
diſtance ſail'd, and the rumb line upon which 
the courſe was made. "FH 


arch SECT. II. 

ferr | . 

oughll Down from the point A in the latitude of 
on, I 43? N. and having made a N. W. courſe, by an 


obſervation at noon, the latitude is found to be 
489 45' N. it is required to find the pag. of 
| J arri es 


JC > 
arrival. Take 45 miles from the ſcale, and laying 
them down due north, you will find the point 
D, from whence drawing the line DE to the 
weſt, and from the point A the line A E to the 
north-weſt, the interſection E will be the place 
fought. e 5 


SECT. III. I 

Departing from the point A, and having made 8; 

150 miles upon a N. N. W. courſe, the point of ¶deſ 

arrival is required. Take 150 miles on hs ſcale, and 

and lay them down on a line parallel to the 85, 

N. N. W. and you will find the point E, the place ¶ eac 
of arrival. . 


SECT. IV. 


Departing from the point A, after having ſail'd I pai 
130 miles, it appears by an obſervation, that the MW any 
ſhip has advanced 30“ towards the north, it is par 
therefore required to find the place of her arrival, MW dill 
From the point A, lay down zo miles due north 100] 
to G, and draw GH due E. and W. then taking MW wh 
130 miles, with that diſtance from the point A, 


make an arch cutting the line & H in the point I, l 
which point H will be place of arrival, | Col 
Note, The arch is made to the caſt or weſt, ac- are 
cording as the courſe was held, = 
5 5 only 
JECT, V. | the 

har, 


' Deing within ſight of land, the 2 A is 
found to bear 8. E. and the point B eaſt; it is 


required to find the place of obſervation, Thro 


the point A draw a line parallel to the 8. E. and 
8 through 


„„ 
hrough the point B a line parallel to the line * 
jue caſt and weſt, and the point C, where the 
wo lines interſect, will be the ſtation or point of 
obſervation. 


er. VE. 


In the ſame manner, if we were at 130 miles 
diſtance from the point A, and at the diſtance of 
85 miles from the point G; from the point A 
deſcribe an arch with the radius of 130 miles, 
and from the point G, another with the radius of 
85, ſo will the point where the arches interſect 
each other, give the ſtation. | 


"MAKES. 


Theſe operations are eaſily perform'd with a 
pair of conipaſſes ; for if one point be run along 
any line, the other point will deſcribe a line 
parallel thereto, ſince the compaſſes will keep the 
diſtance they are ſet to, which diſtance may be 
look'd upon as a line perpendicular to that upon 
which one of the points runs, 


| ſay nothing of keeping a journal, ſince the 
Court has preſcrib'd a certain method, which all 
are to follow ; beſides that my deſign is not to 
offer every thing that relates to Navigation; but 
only what more timediarely depends on the ma- 
thematicks, otherwiſe ſeveral large volumes would 
hardly be ſufficient, „ 


PAO. 
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P ROPOSITION the laſt, 
” Of Tides and Currents. 
: By the Tide, we mean that flux and reflux 


of the ſea, which is perceptible upon the coaſt; 
of the Mediterranean; but much more ſenſible 


on the ſeveral coaſts of the Ocean, The tide 


then, are that riſing and falling of the ſes, 
which, is obſervable twice every lunar day, 
under the following circumſtances. 1. The 


.waters are forc'd towards the ſhoars, during 


6 hours before high tide, and this motion of the 
Waters is called the Hood; in like manner they 
retreat again for 6 hours .befote low water, and 
this laſt motion is called the EY. 2. High tide 


does not happen at the ſame time in all places; 
but each place has a particular time for its tide 


3. The time of the tides is not according to the 
hours of the ſun, but according to the hours of 


the moon, and as the lunar hours are later every 
day by 48“, the tides are in the ſame proportion 


of time later. 4, The tides are higheſt at the 
full and new of the moon, at the times of the 


equinoxes, and moſt eſpecially at the autumnal 
equinox, 7 15 2 


COROLLARY. 


To determine the time of high tide at any 


place for each day, two things are to be known, 


1. At what hour of the moon, the tide comes to 


that place. 2. What hour of the ſun anſwers to 


that unar hour for each day, 
* | eee 
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Of the Stituation of Ports. » 


1. The ſituation of a port, is that point of 
the compaſs, ſhewing the hour of the mon 
when high tide happens in ſuch port, Pilots 
diſtinguiſh the hours of the moon by the points 
of the compaſs, beginning by the north and ſouth, 
upon which they place mid-day and mid-night, 
Alon to each point of the compaſs 4 of an 
hour, Thus when it is ſaid that Bref (or London) 
is ſcituate N. E. and 8. W. tis underſtood that 
high tide happens there at the third hour of the 
moon. | | 


2. To find the ſeituation of a port, it muſt once 
be obſerv'd, at what hour high tide. happens 
and then ſee what hour of the moon anſwers 
that day, to the ſaid hour obſery'd, as ſhall'be 
ſhewn below. For example, the 16th of A 
1729, I obſerve at Breſt (or London) that high 
tide happen'd at 2 hours 4, and I know that that 
day 2 hours 4 anſwers to 3 hours of the moon 
therefore I conclude, that the ſcituation of Bye 
(or Lonaon) is 3 hours, or N. E. and 8. W. 


SECT. H. 
Of the Hour of the Moon. 
The hour of the moon is the ſame with that 
of the ſun at the time of new moon; lofing N 
every day 48“ or + of an hour, Knowing there- 


fore the number of days fince new moon, we eaſily 
* know 


N ö " 


#63 
know what time the lunar hours are behind the 
ſolar. For example, if the moon is 6 days old, 


multiply 6 by 7, and you will find 4 hours , or 


4 hours 48%, the time the moon has loſt with 


.reſpe& to the ſun, whence you may conclude, that 


noon by the ſun anſwers to) hours 4 of the moon, 
E Mas 
Of the Afcon's Age. 


By the Moon's age, we mean the number of 
days paſſed ſince the new moon, To determine 


the moon's age, we muſt ſuppoſe as follows: 


1. That the lunar month is ſhorter than the 


ſolar, nearly by one day, and conſequently the 
lunar year falls hort of the folar year by above 


eleven days. 


2. That the year before the birth of Chriſt, a 
new moon happen'd upon the firſt of March; 
but the year after, the new moon fell out 11 days 


before the firſt of March; nor did the new moon 


happen again upon the ſame day, till after a revo- 


| lution of 19 years: Thus ory 19 years, beginning 


from the year before the birth of Chriſt, the new 


moon falls upon the firſt day of March; and 


theſe 19 years make up one compleat revolution 
of the moon. 8 


3. The moon's age cannot exceed zo days, 


therefore in every calculation of the moon's age, 


fy 


zo muſt be thrown out as often as it is found. 


4 The 


7 De 


id the 2] TSA NED 5 ad, | | | 4 v * 
s old, 4. The Epact is the 8 at the beginning 
+, or pf March; it ariſes therefore from the addition 
* of 11 days to the moon's age each year. 

5. The Golden number, is the number of years 


noon. 
Nass d ſince the laſt revolution of the moon. 


6. To find the golden number, add 1 to the 
-urrent year, and dividing the ſum by 19, the 
remainder ſhall be the golden number, For ex- 
umple, to find the golden number for the year 
729; divide 1730 by 19, and. the remainder will 
e 1 for the golden number. | | 


7. To find the epact, divide the golden number 
y 3, and if o remains, the epact is the ſame 
ich the golden number; if there remains 1, add 
o to the golden number, and if there remain 2, 
dd 20, and the ſum (rejecting zo, if exceeding 
hat number, as above directed) will accordingly 


year, 98. 1 by z, and as the remainder is 1, add 
revo - Wo to 1, the golden number, the ſum is 11 for the 
ning {pac}, The reaſon of this rule, is founded upon, 
new {What as the epact increaſes every year 11 days, and 
and he golden number r day, therefore to the golden 
wmber muſt be added ſo many times 10, as there 
ire unites above 1; but as every 3 years make 30, 
vhich muſt be deducted, it is better not to add 
de tens till after you have thrown out all the 
een. 


2 8. Having the epact, to find the moon's age 
or any given day, to the epad add the number 


The of 


e the epact. For example, to find the epact for 
he year 1929, divide the golden number of the 
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of months paſs'd fince March, and the number i 
days paſs d of the current month. Thus to fin 
the moon's age for the 6th of July 1729; tot 

epact 11 add 4 for the months paſs'd, and 6 th 

& ven day of the current and; and you wil 

find 21 for the moon's age. | 


8 EO . 
Of the Time of high Tide. 


Having the moon's age, and the ſeituation 
the port, the time of high tide is thus "ound 
multiply the moon's age by 4, and divide the pn 
duct by 5, the quotient gives the hours, an 
_ multiplying what remains by 12, you will get tl 

minutes, which time being added to the ſcituatic 
of the port, EB the time of high water, Fe 
example, to find the time of high tide at Y- 
(or London) for the 6th of Fuly 1729, multip 
the moon's age, which is 6 days (after havin 
deducted 15 days, which brings the moon to th 
full, and the tide to the hour of the ſun, as: 
new moon) by 4, the product will be 24, th 
firſt part of which is 4 hours, and the remaind: 
multiplied by 12, gives 48', adding therefo 
4 hours 48' to 3 hours, the ſcituation of Breſt, 
find the time of high tide for the ſaid day, 
hours 4$', e FEW. 


8$EGT., V. 
Of Currents, 
We oftentimes attribute to imaginary curran 


the error arifing from the wrong di panes) 


* * * 2 
. F F a+ 
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mber . | mh b Ra 1 


to fin 
z to th 
id 6 th 
ou wil 


e coaſts in charts, as in 
here the cape of iel is really much more 
eſtward than it is laid down; nevertheleſs we 
annot deny but there are currents, and more 
ſpecially near land; and that it is of the utmoſt | 
portance to have a due knowledge. of them. 
t is no great difficulty to judge of them when 4 
ithin fight of land; but out at ſea the moſt eaſy | 
ethod is, to ſet. out the boat, and throwing out 

heavy grapling or other conſiderable 3 

ith as much line as poſſible, the boat, as if at 

nchor, will vere: with the wind, if there be no 
urrent; but if there be a current, and little or 

0 wind the boat will then drive with the cur- 

ent, and plainly enough ſhew which way it 
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ADVERTISEMENT, 


Ho the working of a Ny is, withort 1 
ml” diſpure, the moſt important knowledge | 
on | with regard to the ſea-ſervice, yet no 
MINI e birherto hat writ a compleat treat 
on the ſubje, F. Pardies, indeed, tn 
raft of local motion, has, in few words, given 
It /ight into this matter; nor would it be diff 4 
from the principles be has advanc'd, to do. l 
e all that may be thotgſt neceſſary on the ſub- \ 
. The Author of the Theory of working a ſhip 
entered into the matter more largely, ant moſt 
only and ſolidly 1 or five VA 
moſt diu propoſitions. The tract, * an 
1255 ' x [+] 


L 72 3 


The exerciſe of working a ſhip, is alſo ay 
rſeful work, ana muſt be acknowleig's a proau 
witable to that great capacity, Which all Fr 
admires in its moſt illuſtrious Author, Neve, 
' Heſs, theſe ſeveral works not ſeeming to me ſufiic 
to give a perfect knowledge in this art, I have 
aertaken the following tract, wherein I have 
Atavour d to explain in order, all the ſeveral n 
ments of a Veſſel, with the rules for their pn 
application. "I have, in the cleareſt manner II 
able, laid down all I thought proper for my ai Ar 
believing I had more aſi to fear cenſure, 's < 
omiſſions of any thing neceſſary to the inſtruttii 
thoſe for whom I write, than for the publicatin © f 
what might otherwiſe have been better conct 
from Strangers. 


Caution to the ZEng/iſo Seaman, 


To this advertiſement of the Author's concen one 
the original, I beg leave to ſubjoin the follol 

caution to the Engliſh Sailor, with reſpect u 
tranſlation: That he would not be prejui 
againſt the work, upon ſometimes Saving the Ell Th. 
Practice different from the Engliſh : For toes 
reaſons why a thing is done, may not be affect 
the manner in which it is performed; yet i Th. 
cording to the worſt wa of; performance, thi W 
pediency of the thing be aemonſtrated ; cert an. 
the better method is thereby more abunaiW" ef 

 Juſtified, Therefore as the Theory here laid if 

vil} be * univerſal, and as the Engliſh 
confeſſealy the beſt navigators in the worli 
application to their practice will conſequent 
Pear the moſt natural; and will probably fu 
many uſeful hints for future improvements. 


4 9 
Au 
Fraß 
"ver 
ici 


d de 


ave 
71 1 
r PH 
p J 

y a 
ure, 
ubTic 
cat 
*0nCt 


= © 


TO GD IO 


Of the Working of a Hip. 


Y the working of a Ship, is here meant the 


Art of giving a veſſel all the motions of which 
is capable, and the giving them properly, - 


e ſhall divide this Tra & into three parts, In 
firſt of which we ſhall conſider the uſe and 
of ſeveral Inſtruments made uſe of to put a 


in motion. In the ſecond, the ſeveral ways 


urning a Ship, And in the third, lay down 
for navigating a Veſſel upon the open ſea, 
one Port to another, : 


DEFINITIONS. 


The Motion of 2 body, is that which 


es it ſucceſſively, from one place to another, 


The Direction of motion, is the right line 
which the body is thruſt, or determin'd to 
, and through which it moves it- 
in effect when free, Thus when 
ody A is determined to paſs along os 
ne AB, the line A B, is call'd Th2 direction 
motion. 3 | 


Fig. 1. 


N 
» 


The ind may be conſidered as a great 
er of little bodies of air thruſt along in 
E paralle} - 


j 
5 
| 
| 
| 
i 
| 


( 14 ) 
parallel lines, Theſe lines compoſe what maj 
eall'd a Ve of Body of Wind f ſo likewik 
Current is a great number of os of wat 

uſhed forward in parallel lines, which formt 
Boch of the Current, 

4. In each of theſe lines which form the þ 
of wind, may be conſidered two points, of wh 
the neareſt to the riſe of the wind, is ſaid to 
to windward of the other. For money if 

| corpuſcules which compoſe the bod) 
Tig. 2. wind are thruſt from the points 4 

the points B, we — the points A, 
the points C, are to windward of the point! 
und that the points B are to leeward of the pd 
A and C. We ſay likewiſe, that all the pi 


A, on the line A A, perpendicular to the .. If 


of wind, are equally to windward, The ra mov: 
is, becauſe if two veſſels D and E, deparghB, th 
the ſame time from two points of the line 3 to 
and move with equal velocity along the Wil A 
E F and DF, cqually inclined to the bo mor: 
wind, they will meet each other at the poi tion u 
and neither ſhall paſs to windward of the oi to 
| | | ves jn 

| 5. Soppoting again, the wind to blow traÞ}ays b 
to B, if a veſſel made her courſe from B to D 
would be {uid ſhe went in the wind's e ronch! 


directly againſt the wind, which is impoll 
I likewiſe, if a veſſel ſail along the line 
ſhe would go leſs to windward, or leſs 49 
the wind, than in the line BA; but mo 
windward than in the line B H, 


At 
ers as 
moin 
the lin 
16ſs 1 
tlie 111 


6. We ſay a veſſel comes to the wind, or 
to, when ſhe ranges on a line more contr 


1 
e direction of the wind 3 and that ſhe wares 
falls off, when ſhe ranges on a line leſs con- 


e line B H, ſhould range on the line B G, ſhe 
tm mes too; but ik being on the line BG ſhe 
ould range on the line B H, ſhe wares, 


1. When a veſſel keeps a line the moſt contrary 
the wind that ſhe ean fall on, ſhe is ſaid to 


du upon a wind 4 but when ſhe runs upon a line 
ay perdendicular to the courſe of the wind, 

200 {ay ſhe falls with a large wind 4 and having 

. 28 right a ſtern, ſhe then falls before the 
\ _ "os | | | 

inti 


SUPPOSITIONS, 


e 

e.. If at the ſame time that the _ 

rl moves from A to B, in the canal Fig, z. 
pal B, the canal its ſ&f is carried from 


B to CD, the body A ſhall move in the dia- 


e Wil AD, and its true motion be e of 
boi motion carrying it from A to B, and of the 
poiſWtion whereby it is carried with the canal from 


ves in the diagonal AD, two motions may 

yy be diſtingufſhed, one approaching the 
) perpendicular to the canal A B, the other 

roaching the line C D, parallel to A B. 


A body in motion, will only thruſt on ſuch 
ers as oppo'e it, 'Vheretore the body | 
moving along the line A B, parallel Fg. 4. 
the line CD of another body, will 


or © line A C, perpendicular to C O, 


ty to the wind, For example, it a veſſel on 


3 to CN; that is to fay, if the body A 


* . 0 . . < - 
1eſs no motion on ir; but moving Fig. 5. 


e 


if the motion of the body A be along the di 


only the motion approaching the line CD 
to ſay, it will make the ſame impreſſion as If it hi 


der two conſiderations, 1, That all parts of 


[76] 
it will then communicate all its motion. Farther 


0116 
E fa 


that! \ the 


gonal A D, it will communicate in the point! 
fallen upon CD by the perpendicular AC, 
BD, provided it took up the ſame time in runniy 
through B 1, as it does in running through Al 


3. From whence it follows, 1. That when ti 
body A falls upon C D, in the diagonal A D, 
own motion, is to that it communicates, in pn 
portion as the ſign total AD, is to A C, the ff 


of the angle of incidence A 1) C. 2, That of... 
body A does not force the body CD, by vil :... 
direction AT), but by a direction perpendicug..... 
to the face C D, vis, AC or BD, 4 ts 
ROMA RK, ar 


The body CD thus thruſt, does il; 1 
Ig. 6, in eſſeck move in the direction Be wat 
perpendicular to the face C D, but v jp wi 
body CD receive the ſame impreſſion, all bei * 
ſtruck in the ſame manner, or hat the impreſſſſle— 
made on the point D, which is  ſuppos'd ty of 
center of gravity, be equally communicated to Hpficat. 
the other parts. 2. That the ſeveral parts of Wi... fn 
body CD have all the ſame facility of moving Hint 


r of ſi 
ce of 


| 4. If an infinite number of cylind 
Fig. 7. EE, fall e mr ee upon the f 
ny AB of a body, they will have a greg 
efſect than if they fell upon the two faces J 
and BC; becauſe to the plane face AB, ti 


— oY 


1 8 
ould communicate all their own motion, but to 
e faces AC, BO, only a motion in proportion 


the! 
dit 
\t [ 


at i, their own, as the ſigns of the ang EFC, to 
. ſign total: From whence it follows, that a 
„ae AB will more eaſily divide the water in 
"ni..." 


eſenting its two faces AC, BC, or its convex 
ce ABC, than in preſenting its plane lace 


„ When the wind which ſtrikes a fail, freſſrens, 
© things happen: t. Ezchoft thoſe little bodies 
hich compoſe the wind, puſh the ſail with 
eater force, 2, A greater number of thoſe little 
dies ſtrike the ſail in an equal time, From 
hence it follows, that the motion which the 
ind impreſſes on the ſail, increaſes in a duplicate 
„portion to its force, which is nothing elſe but 
e velocity of the bodies which compoſe it, 


Al 


C$ Ni 
BI 
ut | 


of | 


5 The difficulty whicha ſhip finds in dividing 
e water, ariſes Sm that the water ſtrikes the 
ip with the ſame force, as if ſhe remained im- 
veable, and that the water came againſt her 


bei eh the ſame velocity as ſhe moves againſt the 
reſi ter, From whence it follows, that the diffi- 
7 ty of a ſhip's cutting the water, increaſes in a 


licate proportion to her velocity; for the 
er ſhe moves, r. Each particle of water ſtrikes 
ainſt her with greater force: 2. A greater num- 
r of ſuch particles {trike againſt her in an equal 
ce of tim. a 


of! 
ing 


\ind 
he fi 
gred 
es A 
3, tl 

wo 


—— 


Of the Motion of Fluids, and the Reſiſtance mide to | 

jected Bodies; Vide Sir J Newton's Principia, Book IT, 
97. | h | Oe, 

ZE. 7. From 


L 78) 


7. From which obſervations it follows, thy 
the velocity of a ſhip increaſes only as the ro 
of the forces which give it motion, 


8, If the ſail A B be perpendicularly oppoſ 
10 the wind, and another coal | 
Fic, 8. C be ſet ſlant-ways, the impulſe ( 
the ſail A B will be greater than on t 

ſul CD, in two reſj efts ; for 1, The ſorce 
eich particle of the wind upon the ſail A B, 
compariſon with the ſame particles on the ft 
, is us the ſign total G E, to the ſign GH 
the angle of incidence CE CG (by Sup, 2) 2. H 
quantity of wind which {trikes the fail A B,! 
compariſon with the quantity of wind itriking tk 
ſail CD, will alſo be as the ſign total E A, 
the fign “C of the angle of incidence CB 
From whence it follows, that the impulſe upt 


the 


the ſail AB, will be to that upon the ſajl Cl be 

in a duplicate proportion of the ſign total, to Mrtical 
ſign of the angle of incidence G EC, and unis 

{ally the impulſes which a fail receives from ... T 

ſame wind in different ſcituations, are to one eſente 

other as the ſquares of the ſigns of the angle, ſhey 

| Incidence, which the wind makes upon the ſail. MW the e 

= curre| 
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be lnsTAUMENTS made ſe of to fil 
2 Slap tn Motion, | 


Pn . I. 
Of the Hull or Body of a SV. : 


HE whole figure of a veſſel may 
be refer'd to two profiles, vis, the Jig. 9. 
rtical A, and the horizontal B, 8 


7. The profile A, ſhews that a veſſel naturally 
eſents her head to the wind, and the profile 
, ſhews that ſhe as naturally preſents her head 
the current; for in that poſition only, the wind 
current have the leaſt hold of her, and ſtriking 
ually on each fide, keep her as it were, in a 
rect equilibrium. 


2, It does not hence follow, that if the hull of 
ſhip were floating at liberty in the middle of the 
a, that it muſt needs always preſent its head to 
ie wind; becauſe in proportion as the ſhip gets 
ern-way, the water * t getting more power 

2 4 0 


\ 


to increaſe the head ſails, to make them ware. 


[ 8 J 


of her ſtern, forces it up againſt the wind; hy 
the wind in its turn, as it thereby obtains a greats 
hold, repels it back again; the ſhip thereſo 
canrot keep one conſtant ſituation; but mul 
ſometimes offer her head, ſometimes her ſtern; 
but moſt commonly her fide to the wind, | 


Orwal 
er frc 
here 
baft 


$s ſoor 


6.1 

2. "Tis not the ſame in a current ; for if HM wage 
veſſel be cherein free, ſhe will conſtantly preſet be 
her he:d to the {tream, for the reaſons beſo ater 
given; becauſe the water abaft, being carried es n 
as faſt as the ſhip, does not conſequently str exe 
againit her counter, | ore d. 
| IreCtic 
4. If a ſhip could be fo fix'd in the fea, as und, 
turn eaſily about her center of gravity, (he woul(Mſ'! 91 

_ conſtantly preſent her head to the wind, or e WO 
curient. a C01 
| | rait | 

J. So likewiſe, if a ſhip without wind of" hy 
current, was mov'd by a power applied to i bl 
center of pravity, which would admit its turnin'< E! 
any way, ſhe would go head foremoſt, Lecauk pht f 
the water, which is ſuppoſed motionleſs, won A 
have the ſame eſſect upon a veſſel in motion, as hi diff 
current would have upon a veſſel not in motion, ons 
COROLLA RIES . 

r. From theſe conſiderations, we ſee why ſhinM”< ſh 

ſo eaſily come to the wind, and why it is neceflar ** 


2. The reaſon is as clearly ſeen, of a ſhip's falling 
off as ſoon as ſhe gets ſtern- way, and why ſo long i 


ſtaying when ſhe runs a head ; for when ſhe por 
| on, ot 


\ 


81 J 

orward, the water ſtriking on both ſides, hinders 

er from readily turning either to the right or left; 

hercas in her recoiling or ſtern way, the water 
baft thruſting up her ern, cauſes her to fall off, 

s ſoon as ever ſhe loſes her perfect equilibrium. 


* 


6. If a mY were perfect! round, ſhe would 


ways keep the direction of motion given her; 
ov ut "ng a figure more adapted to cut the 
eh Water with her ſtem, than with her ſides, ſhe 
does not always follow that direction of motion z 


r example; Suppoſe the veſſel AB, 

rc'd along by the ſuil CD, whoſe Fig, to. 
ircction is EF; if the veſſel were 

und, ſhe would keep the direction given, and 
Hon the line E E, and conſequently the motion 

e would receive from the ſail in this diſpoſition, 
a compound of two motions, one carrying hey 
rait forward, the other ſide- ways. Or it the 

ip had the ſame difficulty to divide the water 
ith her ſtem, as with her ſfide,ſhe would keep the 
cEF; thatis, ſhe would gain the length E A, 
ght forwards in the ſame time that ſhe would 
in A F ſide- ways. But if a ſhip finds ten times 
e dithculty to divide the water with her ſide, as 

e finds in dividing it with her ſtem, ſhe will then 

in but the 2 of A E, vis. A G, in the time of 

r gaining the length EA; and conſequentiy 

e will be found at the point G, at the ſame 
ne ſhe would have been at the point FP, if it 
d been as eaſy for her to have divided the water 


th her fide as with her ſtem. 
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1. The line EG will be the true courſe of the 
veſſel, and the angle AEG the angle of variation 
The line A G will always be to the line A F, a 
the difficulty the ſhip finds in dividing the wate 
by her head, is to that ſhe finds in dividing it h 
her ſide, | 


2. The angle AE G changes, and become 
greater, in proportion as the angle AEF is it 
creaſed ; for the tangent of the Tp AEGi 
1 the tangent of the angle A EF, as AG 

F. | : | 


7. If any obſtacle abſolutely takes off the fi 
motion of a veſſel, ſhe will keep the line E \ 
and will arrive at the point A, in the ſame tin 
ſhe would have come to the point F, if ſhe coul 
as eaſily have cut the water with her fide as wii 
her ſtem, the 4 
COROLLARY. 


From hence it follows, that if a veſſel did n 
fall off, and a ſemi-circle were mal 
Jig. 11. upon the line of direction E F of t 
ſail, the veſſel would arrive in the fan 

time at any intended point of the ſemi-circt 
that is, ſhe would come in the ſame time to ti 
point H, or the point I, as to the point E, if 
had no more difficulty in dividing the wateri 
her ſide than by her ſtem, 
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(83). 
8. As all veſſels do not fall off alike, it is 
ceſſary to find the lee-way of any 


te nrticular veſſel ; which may be thus Fig. 10. 
tion ne. Suppoſe the ſhip A B advancing 

„ awards ſome coaſt ; take notice of ſome remark- 
vate ple point, as H on the ſhore towards which ſhe 
it il advancing, which you may obſerve two ways. 


Set the point H by the compaſs from time to 
me, and if you find it always in the ſame rumb, 
s an infallible mark, that the ſhip ſails on the 
e EH, 2. It the point H anſwers to ſome 
her point as I, and continues to do ſo after the 
ip has ſail d ſome time, it is evident the ſhip 
eps her courſe EHI. When by one of theſe 
ethods you find the ſhip keeps the line E G H, 
du may compare the angle A EG, with the 
gle AE F, by the following analogy ; 

The tangent AG of the angle AEG: the 
taugent AF of the angle AE PF: : the difficulty 
the ſmp finds in arviding the water by its ſtem *: 
the difficulty of dividing the water by its (ide. 


REMARK 8. 


jd ur. As the waves and currents render this ex- 
raaWriment very uncertain, it muſt be frequently 
fü peated, and that under different circumſtances. 
e fan 5 | 
irc 2- The hull of a ſhip is alſo in fume meaſure. 
to u be confidered as a fail, giving the ſhip a 
iſHHrection perpendicular to that of her keel; this 
terre ion with that of her ſails, compoſe a mean 
rection between. E F, and E L, and with this 
ean direction the lee-way ſhould be computed : 
t as the thing is indeed impracticable, *ris ſuf 
E 6 ficient 


841 


ficient to make the experiment as before direct, 
with the ſail ſet in different poſitions z when it 
the ſame ratio is conſtantly found between Ae x 
and A F, it may be concluded that the ſhip's hul 
makes no difference in the trial z but if the rat 

of, AG to AP, is found leaſt when the fail | 
ſharpeſt trim'd, the difference is juſtly attribute 
to the ſhip's hull ; und the remedy is to brace tl; 
ſail in proportion to ſuch difference, 


nd al 
ey r 


9. If a ſhip A B, were of the ſame figure, bay 
head and flern, we might from thence draw th 
following concluſions. 1. That if hend | 

Fig. 12, head A ar were puſh'd in a direct 
perpendicular to her keel, ſhe would tun 

about, and the center of her motion would be sf t 
dently in her ſtern P; ſo likewiſe if ſhe were puſſ Hen 
by the flern, ſhe would turn about her wa oy ume 


2. If ſhe be puſh'd at the ſame time, on tHMaralle 
ſame ſide, and with equal force in the points Hropor 
and B, her movement will be in a line perrer 
dicular to her keel, 3. But if ſhe be ouſh'd 2. 7 
differept ſides at the ſame time, ſhe will thafWith | 


turn about her center of gravity, ame n 


10. The form of a ſhip gives her a preatt 
facility of dividing the water with he 
Fig. 1;, head than with her fern : If the veſtrce © 
A B be puſh'd by the ſtern B, with ſhe im 
direction perpendicular to her keel, ſhe will nd 
turn about her head A, but about her center 
gravity ; whereas, if ſhe be puſh'd a head wil 
a direction r e to her keel, ſhe wiidence 
turn about her ſtern B, unleſs at the ſame tin 
ſhe be puſh'd on the contrary fide a an 
15 
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Keen ſhe will turn about her center of gravity, 

en rom whence it follows, that when a ſhip turns 
Ace almoſt always turns about her center of - 
hulWravity 3 becauſe ſhe is almoſt always thruſt fore 


nd aft on 1 ſides, Theſe rules are ſo plain 
icy need no farther explication, | 


Of the Rudder. 


both | | | | 

v th 1. Suppoſe A B the keel of a ſhip, 

F band BC the rudder inclined upon that Fig, 19. 
QiofMce! ; as the keel moves forwards, the 


ater will have the ſame effe& upon the rudder, 
gif the keel remain'd immoveable, and the water 
na ſlern in lines parallel to the keel, with the 
ame velocity us the keel advances ; that is, the 
ater will ſtrike the rudder by lines ſenſibly 
arallel to the keel, and puſh it back with a force 
Nroportionate to the velocity of the keel, 


2. All the parts of the rudder being ſtruck 
ith the ſame force, it will be repell'd in the 
ame manner as it the whole force which ſtrikes 
were united in its center of gravity D. Draw 
he perpendiculars DF upon the keel continued, 
nd DG upon the rudder; if then the abſolute 


vellbrce of the water be meaſured by the line B D; 
ith e impreſſion it makes on the rudder ſhall be 
11 nof:cafured by DF the fign of the angle of inci- 


ence BDE, and the impreſſion of the rudder 
n the keel by F B the ſign of the angle of in- 
dence BGD (by Sup. 2.) But ſince the im- 
reſſion of the water on the rudder increaſes in a 


uplicate ratio of the fign of the angle of in- 
| cidence 


36 ] . 
eldence (by Sup. 8.) it may be. concluded, thy 


4 

the foree of the rudder upon the keel may be en ' 
reſh'd by the product of the fign BF, multiple otlo 
„the ſquare of the fign I) F, Thus by a tlg Mater 

nometrical calculation may be found, the force if 
the rudder upon the keel in every poſition g and ;. 
it will appear, that the moſt advantagious ſcituw{letter 
tion of the rudder, is when it makes the ange way 
CBG with the keel continued of 54* 44 To ocs f 
F the ſaid angle be made either more or leſs, th que 
force of the rudder upon the keel will be dhclin: 
 miniſhed, ® EE 
| hen 

REMARK 6 

| | * 
1. Care ſhould be taken that the helm b 85 aft 
never ſo far put over, as to make the ang:hakes 
CBG of the rudder with the keel more thu he ce 
$49 44+ - : hruſt 
| e | | nakes 

2. Though the more the rudder be inclin'd, 
the more it ſtops the ſhip's way, it does not ther 5. 
fore follow, that the foregoing propoſition is the ead- 
leſs exact, as the Author of the Theory ſeem he ru 
5 ES s behi 
5 | hat ir 
*The Author here gives an algebraical calculation rings 
the moſt advantagious angle the rudder can make win he co! 


the ſhip's keel; as likewiſe he does at the end of the 
18th Prop. of the moſt aivantagious ſcituation of the 
fail with the wind; but as he has inſerted no Tract upon 
the ſubject of Algebra in his collection, but ſeems to 
have purpoſely omitted it throughout his whole Scheme, 
I rather chuſe to leave out the ſaid calculations, than 
improperly (I think) introduce them into a Work 
which the Author himſelf, in the projection of hi 
Plan, ſeems to have thought compleat without Algebra 

| | | t0 


— 


187 
apprehend 4 ſinee the Impulſe of the rudder l“ 
ven before the ſhip's way is loft, and her after: 


len otlon, le according to the firſt firoke of the 
Ce 0 


3. Another remark of the ſame Author's ls 


tus ſetter founded, for it is true, that a ſhip's not 
ng ways advancing in a line parallel to her keel, 
For oes ſomething affect the ſald rule; for the ob- 
the que way of a ſhip requires that the angle of 


aclination of the rudder with the keel pou 5 
and le 


e greater when the rudder is to leewar 


P 


hen to windward, 


4. When the rudder B C is to leeward, it puſhes 
he after-part of the keel to windward, and 
akes the head of the veſſel fall to leeward; on 
he contrary, if the rudder is to windward, it 
hruſts the after part of the keel to leeward, and 
nakes the veſſel come to the wind. 


5, This is to be underſtood when the ſhip has 
dead-way 3 but if ſhe goes a ſtern, the fe of 
he rudder is quite different, for the water which 
behind her Hrikes it in the direction HD; ſo 
hat in ſtern way, if the rudder be to leeward, it 
rings her head to the wind; if to windward, 
he contrary, 1 | 


on of 
with 
f the 
f the 
upon 
ns t0 
ACNE; 
than 
V ork, 
f hy 
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--M 


P R o r. II, 
Of the Sails in general, 


1. Sails have the more force the hi gher they are 
oiſted ; not becauſe the maſt is a kind of Lever, 


is ſome of the ancients thought; for it is very 
certain 


(88 ] 
certain their height does not increaſe their prop 
motion in that = ect! But the greater force thy ofe 1 
obtain in that ſituation, is - occaſioned by th al 
winds blowing more treſh aloft, where its motly 
is leſs impede by the vapours of the earth or (21's © 
beſides that the higher the ſails are hoiſted, the 
are the more expoſed to the wind, 1 5 
| ei 

2. Sails have more force the taughter they Ar the 
hoiſted, becauſe, 1. They catch more wind the 
2. The wind ſtrikes them more _— 3. T&M 
impreſſion they receive is more uniform, Ff * 
ſuppoſing the 1 fail A B, ard" 
Hg. 15. the concave one A CB; 1. The taught um 
| fail A B, ſhall take as much wind, rufe 
the concave one ACB, though it be larger cks a 
2. The wind communicates all its motion to th in 
taught ſail, as it falls perpendicularly upon all it rds a 
parts; but to the concave ſail, only a motion in 
_—_— to the angles of incidence (by Sg. 2, 
f the wind does not fall perpendicularly upon 
the ſail, but ſtrikes it obliquely by the lines AN) 
CD, BD, the wind will hardly have any effed fen 7 
on the windward part of the concave fail, and is 
impulſe upon the leeward part, to which it i 
more perpendicular, ſerves ſcarcely for any thing 
elſe but to flat off the veſſel, becauſe it is near | 
parallel to her keel; nay, it often happens, thats wn 
that part of the fail near the clue, when the ſheet 
is haled aft, proves.intirely a back ſail, and is of 
great diſadvantage, 


Mn-tac| 
the b 
bow] 
ets art 


5 Theſe conſiderations ſhew how much they 
not 


are deceived; who cut their ſails ſo as to bag in | 
the middle, imagining that ſuch bagging give Epi 
the wind a greater — eſpecially when _ y belo 


[8% J 


"Yo upon a wind 4 whereas, Indeed, the part ſu 


=" wing out is hardly ſtruck at all by the wind, 
ots only fill d with eddles from the adjoining 
rs of the ſail, which have no force at all, 


the 4. For the ſame reaſons. the top ſails have a 


enter effect upon a wind than the lower ſails z 
r the lower ſails not having yards to ſpread them 
the foot, do not oppoſe the wind ſo flat. 
owever in ſailing cloſe upon a wind, the lower 


y ant 


vindl 


1 ils are not to be brac'd with the foot without 
rd, becauſe then not having a ſufficient power 
ugh trim them taught, they will become in a man- 
1,8: «cles ; they are beſt ſpread by belaying the 
urge cks and ſheets to cleats, faſtned to the ſhip's 


e, in ſuch manrer that they may be brac'd by the 
rds above, as the top fails are by the yards be- 
W. * | | 


0 tht 
11] in 


JN 10 

? 5. 80 likewiſe thoſe top ſails, whoſe lower 
70 rds are too long, are not ſo fit for ſailing cloſe 
cel en a wind, becauſe they cannot be hal'd ſuf- 
i iently taught. It is likewiſe proper the main 
e ſhould be ſo cut, that the parts neareſt the 
hig may not bagg when the ſhip is cloſe upon a 
early 
Fs When a ſhip is to keep cloſe upon a wind, the 


gliſß manner of trimming the fails is as follows: The 
lin- tac k, fore-tack, and mizen-tack are brought cloſe 
the board, and over-hal'd as forward as may be; 
bowlines are the ſame on the weather-lide; the lee- 
ets are hal'd cloſe aft, but the lee-ſheet of the fore- 
not ſo cloſe as the others, unleſs the ſhip gripes; 


ag in 
vive lee-braces of all the yards are braced aft; and the 
ling -{ails are braced, and govern'd as the fails to which 


belong. bo 
| Wind, 
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wind, becauſe the direction of thoſe parts woul 
rather hinder her way. | 


6. When the wind E QC is perpen 
Ig. 16. dicular to the ſail AB, and the al 
| A B perpendicular to the keel CD, th 

fail A Bis thruſt with the whole force of th 
wind, and communicates its whole motion to the 
keel, moving it a head in the direction CD ; f 
that this Diſpoſition of the ſail with the wind 
and with the keel, is the moſt advantagious fy 


making head-way with only one fail : But in ſhin 9. 
which have many fails in this diſpoſition, tho Wgula 
ſtern will keep the wind from filling thoſe a healhait ; 
therefore ſhips make moſt way when the wind vo be 
juſt abaft the beam; at leaſt if there does ould 
run too great a fea, And ſome Corſairs in chat Th: 
a veſſel which ſails before the wind, allow then id m: 
ſelves two points of the compaſs ſometimes on ind 


ſtarboard, and ſometimes on the larboard {id 
in order to come up with her the ſooner, Iti 
not altogether the ſame thing when the ſea ru 
high, for the waves ſtriking upon the ſhi 
counter, ſupply the deficiency of the wind on ti 
head fails, and would make the ſhip fall vw 
much off, if fhe were not exactly in the directid 


of the wind. SJE * Our 


2. the 
ery tin 
onleque 
ed in t 
ils, as 

out, t 


7. When the ſail A B inolines wit 

Fig. 17, the wind, the impulſe it receives thet 
from, decreaſes in a duplicate prop 

tion of the ſin of the angle of incidence ( 
Sup. 8.) and when the ſail AB, inclines with ti 
keel CD, it will communicate thereto all its on 
impulſe ; but ſince its direction is not right a het 
the head motion it will impreſs thereon, will d 
crel 


[ 92 ] — 
eaſe as the ſign CD of its inclination with the 
cel. > 


8, Square fails have a greater power than tri- 
1gular ones, as being larger; but then they re- 
uire more rigging, are more difficult, and ſlow in 
anding, betides that they are more dangerous. 
rom whence comes that diverſity of fails made 
ſe of in different veſſels. 2 


9. The moſt advantagious ſcituation of a tri- 
gular ſail, is when the yard ſtands before the 
daſt ; becauſe were it behind, 1. It would cauſe 
o baggings on the two ſides of the maſt, which 
ould render a great part of the ſails uſcleſs. 

The yard would bear harder upon the maſt, 
d make it more in danger of breaking, 3. The 
ind would have power of the ſail before it is 
ac'd, which would put the veſſel in danger of 
erſetting, if the wind ſhould take it when it is 
a poſition parallel to the keel. * 


Our ſhips have but one triangular fail bent to a yard, 
z. the mizen, which is ſhifted to leeward of the maſt 
ery time the ſhip tacks, and can therefore be of no ill 
dnfequence, But there are certain ſmall veſſels much 
ed in the Mediterranean, which have only triangular 
ils, as likewiſe have their gallies; but ill in going 
out, they are always ſhifted to leeward of the maſt, 


[ 92] 
E 
Of the Head Sails, 
| 7. The Head ſails ſerve to mo th 


Fig. 18, veſſel ſteady, hindring her from ſlew 

ing to and again; for ſuppoſe A h th 
veſſel, if ſhe be 1 * by her main mi 
CD, her fore-part B will indiflerently receiv 
every motion of the bodies it meets; for ſince th 
motion of the polnt C tends preciſely only to th 
carrying the point C forwards, it will only hay 
its full effect upon the point B, when the ſui 
point B is preciſely right before the point D, and 
conſequently will not hinder the point B from 
ceiving from the waves, a motion carrying | 
either to the right or left. But if the point B! 
fix'd to a power, which will carry it right for 
ward, it will draw after it the reſt of the veſl| 
and the water which ſtrikes againſt both its ſide 
will keep the ſhip in equilibrium, and ſo on 
come the motion which the waves would imprel 
on the point B, which would otherwiſe throw he 
off to the right or left, and to this purpoſe the head 
ſails chiefly ſerve, 


2. The head ſails, when brac'd ſharp to th 
wind, help a ſhip to ware. For let thi 
Fig. 19, ſail AB inclined upon the end of tht 

feel, receive the wind F D from abaft,! 
will impreſs on the point D, a motion whol 
direction will be DE (by uy. 2.) and which 
will conſequently be compoſed of two motion) 
the one cartying the point 5p forward, and 
will be expreſs'd by the ſign D H, of the angle 
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a = 
e ſall with the keel ; and the other carryin 
e point D — and thruſting it to Rowan 
th a force expreſſible by H E, the ſign of H D E, 
e complement of the angle of the fall with the 
cel. | | 


3. From whence it follows, that the more the 


7 1d falls are braced, the ſooner the veſſel wares, 
bing more force to flat her off for in bracing 


ge yard A of the fall A B, i, The angle of the 
ind upon, the ſail is Increaſed, vis, FIN B, and 
nſequently the motion the fal! receives from the 
ind (by Sup. 8.) a. The angle ED H je In- 
caſed, and conſequently the force of the ſail to 
u(t the point D to leeward (by the prec.) Thie 
eis commonly found true in practice. Never- 
oleſs the wind FD may ſo come from abaft, 
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e ſail may loſe more of the force it receives from 


jan it acquires by the augmentation of the angle 


9 DE, to make her ware, But this can only 
wre ppen to ſuch ſails as may be ſo brac'd as to be- 
ene nearly parallel with the keel, 


head 


g aback, the veſſel will either fall Fig, 20. 
f, or come to, according as the lines 


0 0) divide the angle of the fail with the keel; 
F is if the line E D divide the obtuſe angle of 
af; Me teil with the keel, ſhe will fall off; but if the 
whoſ e F divide the acute angle of the ſail with 
while keel, ſhe will come to; in both caſes the ſign 


5t10N\ 
and 
gle 0 
- th 


H, of the complement of the angle BD AH, 
b meaſu tes 


at in bracing in the lee-brace, the angle of the 
with the wind, may be ſo diminiſhed, that 


de wind by the diminution of the angle FDA, 


4. If the witd DF take the fall = 


„ 
meaſures the force of the ſail, either to flat hy 
off, or bring her to. | | 


5. In the firſt of theſe two caſts, It commo'4 
happens, that the more the ſail is inclined wit 64d 
the keel, the more the angle of the wind with en 
ſall is augmented z and conſequently the my 
the ſail ls inclined, the more force it has to nil “ 
the ſhip fall of, But it is not the ſame in . 
ſecond caſe ; for if the yard be too much br” 
in, the angle FD B of the wind with the Hung 
will be diminiſhed, and may become ſo act 

that the wind ſhall hardly Mon any force up 
the ſail, It is therefore neceſſary, that the are, 
FD B be always greater than the angle E“ 
ſince the ſorce of the wind upon the fail increk 
in a duplicate ratio of the ſigns of the angl 
FD B; whereas the force of the ſail to bringth 
Mip to the wind, increaſes only in proportion asth 
figns of the angles ED H. In ſhorr, it is 
to determine in all caſes, the content of the any 
FD B, which ſhall have moſt power to bring 
ſhip to the wind; ſince the a ec of the ſqu 
of the 105 of the angle FD B, by the ſign of t 
angle HDE, expreſſes the force of the fail! 
bringing a ſhip to the wind, and conſequent 
the angle FD B will be moſt advantagious, wit 

it makes that product greateſt, A table mig 
eaſily be calculated for this purpoſe, if it epreſe 
found uſetul in practice, 5 1 
„ 1d! 


dendict 


6. What has been ſaid of the head fails, Mel 

be applied to the ſprit-ſail, which is ſtill mi at th 
uſeful in flatting off, or wareing a ſhip, as it © 
farther remov'd from the ſhip's center of pra! Vard, : 


us 4 
and is capable of being brac'd ſharper, as WM" a 
| - | | bel nd. 
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it likewiſe to leeward, the veſſel will/ be in dan 
of turning quite round; to hinder which ef 
of the fore ſail, they put the helm a-lee, thut 


the water a ſtern puſhing the rudder T)} 
windward, may reſiſt the wind which thruſts 
{tern D to leeward. 


pA O r. V. 
ne Main Sail. 


1. The motion impreſs'd by the Main Sail 
a ſhip, tends directly only to move that part. 
the veſſel where the main maſt is fix'd, vis, 
center of gravity, communicating to the ot 
parts no more force than is neceſſary to more 
the ſaid center of gravity in the direction of! 


* 2, If the main fail AB is thr 
Fig. 22. forward in the direction CD parall 
8 to the keel, it ſhall impel the ſhipi 
the ſame direction, and the water ſtriking agal 
both ſides, ſhall keep her in equilibrium, an 
hinder her turning either to the right or left, 


| 3. IF the direction CD of the mil 

Hg. 23. ſail were perpendicular to the keel Al 

the ſhip would by degrees range be 

{elf in that direction, and woul na her hei 

A to the point D, for the water finding bet 

hold on her ſtern B, than on her head A, vi 
by degrees repel it behind the point C. 
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AQ. 
4. If the diredion of the main fail 
oblique upon the keel, as GE; the Fig, 24. 
jp will ſail in another direction be- GS 
wn CD and CE, and make more head than 
le way z becauſe the water ſtriking againſt her 
es, Will keep her in equilibrium, and this 
lique direction of the tail will commonly 
nder her turning either to the right or left. 
t ſtill this doth not hinder but that a ſhip only 
der a main ſail, may readily enough come to 
e wind z tor the wind having great hold of the 
rm, will force her after-part to leeward, even 
th more force than is neceſſary to break the 
uilibrium. 


lang 
ent 
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ot | | 
ove offs. When the wind takes the main 

of AB aback, in the line EC, the Hg. 25. 
ſel is thruſt in the direction CF, 

the ſame thing will happen, as when the 


thrill ſail is in the ſcituation above explain'd, 


Jarall 


5, If the main fail A B being taken with the 


ipii | 
1040 d aback in the line CE, is not perpendicular 
n, uche keel, but that its direction 18 {ume other 


s CH, the ſhip will nearly keep the ſame 


. 
tion ; but the Water thruſting up her ſtern 


e mi ion the wind, will ſoon make her fall off, 
el As the rudder F G being put to leeward, over- 
rc » es the ſald force of the water upon her 
er heh. . 


bet 


A, Wi 


([ 581 
PAO r. VI. 
Of the Misen. 


1. The Mizen ſerves as the other ſails, to pin 
the ſhip head-way z but its chief uſe is to brig 
the ſhip's head to the wind, by forcing her (ten 
to leeward. 


2. The triangular figure of the mize, is wel 
adapted to this deſign; 1. Pecauſe it is cal 
hal'd up or out. 2, It preſents itſelt may 
effectually to the wind, as its yard is leſs flexihl 
than a rope or ſtay, z. The ſhrouds ae n 
hindrance to it, but it may be caſily inclined 
any manner with the keel, inſomuch that it my 
be full when all the other ſails are aback, 


3. It is true, that triangular ſails deſign! 
give ſhips head-way, ought not to have the {he 
hal'd to indus leſt the greateſt part of tl 
ſail ſhould become a back ſail, But it is not 
with the mizen, whoſe chief uſe, as was f{iid,] 
to force the after - part of the ſhip to leeward, by 
line perpendicular to the keel; for it has oft 

times more force to bring a ſhip to the wind vil 
the ſheet to windward, than to leeward, as wi 
| the wind is far forward, For 
Fig. 27. AB repreſent the ſhip, and HG. 

wind, then ſhall the mizen CD hi 
more force to bring the ſhip to the wind, ti 
the mizen FE, However the making thu 
back fail of the mizen, is ſeldom practiced, t 
cept in ſome extraordinary caſes, becauſe it bit 


the ſhip's head- way, | 
5 e P r0 
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Of the other Sails, 


The other ſails which are made uſe of beſides 

eſe already explain'd, as bonnets and ſtay-ſalle, 

ive nothing particular, It is only neceſſary to 

ſerve, that oftentimes the ſtay-ſalls only ſerve 

make a ſhip fall off, becauſe * are parallel 
0 


) gin 
bring 
{ten 


5 We 
call 
TO 

exibe 

e 

ned 

t mil 


= keel, as when a ſhip fails cloſe upon a 
Ina, | 


{ 
If 


) 


| 
* 
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To turn a SHIP any way. 


P R O pP. VIII. 


To render a Ship ready to turn eaſily any wy, gh a 
I, 1 H E figure of a ſhip cauſing her naturalgWou n 
to preſent her head to the wind, makes out 
neceſſary to have a great proportion of ſail fu ou f 
ward, for the more readily wareing her. Ile he 

dre ven 

2. Notwithſtanding which, there are muff her 
veſſels too ready to come to the wind, and ung 
to ware; which fault may proceed from fever 
different cauſes: 1. Some have their ſterns t 
high built, and their poops ſerve as a ſil abit 

2. Others have their fore-maſt ſet too far aft,whi _ 

et 


makes them leſs capable to reſiſt the force whi 
ſo readily carries them to windward. 3. OC, t! 
are built too ſharp a head, which is remedicd zen 
thickning the bows, N N, 


101) 


W a ſhip be too backward in coming to the 
Ind, the fault 4e to be correéted by ſome uppoſite 


gans. | 


4. Great care ought to be taken, that the 
ud\lcr be well proportion'd to the ſhip, and that 
t be ſufficiently ex, oſed to the water that paſſes 


| 


long the ſides of the veſſel, 


. Whena ſhip is in a juſt equilibrium, and 
eels her helm as ſhe oughr, it is ſtill no eaſl 

atter to keep her conſtant in her courſe, becauſe 
pf the uncertainty of the waves and wind; it is 
hereſore neceſſary to take the following precau- 
ions, I, The range of the ſhip from her courſe, 
pught in the very beginning to be broke, which a 
ight motion of the helm will then eaſily do, 
>. When a ſhip is much yaw'd from her courſe, 
tural ou muſt not bring her to it again at once, leſt 
akes Hou throw her into a contrary ſheer. 3. But if 
i u ou ſhould be obliged ſo to do, you muſt eaſe 

be helm before ſhe be return'd to her ont to 
revent the oppoſite ſheer, which elſe the force 
mak her way will be apt to run her into, 


| una) | 
{evet 2 P R O P. . 
5 fl 
| ab To make a Sbip fall off. 
hi I : : 
* Let the veſſel be A B, the head - ſails | 
Ot C, thoſe of the main maſt E E, the Hg. 28. 
died izen GH, the line of the wind AN, 


N, MN, the rudder B R, the tiller B O. 
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1. A veſſel is ſid to ware, or fall off, why 
her head is thruſt to leeward, or her ſtern to th 


wind (Def. 6.) | 


2. When a veſſel has head-way, the tiller is 
be put over to windward, that the rudder BI 
may preſent its ſelf to the current of water 9 
leeward, and ſo puſh up the point B to the wind 
Which cannot be done without making the he 


A fall off to leeward (Prop, 1.) 


3. To ware the eaſier, hale up the mizen, thi 

To the line of the wind N M, which thruſts th 

ſtern to leeward, may not impede the impulſe d 

the —_ BR, in bringing up the tern to th 
wind, 1 


4. Encreaſe the head- alls, and brace them i 
as ſharp as poſlible to leeward, that they my 
have the more force to make the ſhip fall af 


(Prop. 4.) 


5. Hale up the main ſail, and ſhiver ti! 
main-top fail, in order to eaſe the ſhip's waj 
Which will facilitate her turning; but take het 
you lay not the main-top ſail aback, which woul 
pethaps 5 her fern-way, and ſo bring he 
again to the wind, eſpecially as the rudder BR 
is to leeward, 


6. Another way to ware a ſhip, [s tt 
Fig. 29. brace in the head-ſails as much © 

— to windward, that the wind 
AN may have the greater power, and that thel 


direction being leſs Inclined upon the keel, the 
= -- = ma) 


* 
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he ſl 


1 103 


nay have more force to thruſt the point A to 
cewärd, and ſo make the veſſel fall off, But this 
ethod is not practiſed without an abſvlute 
ecellity, becauſe it very much hinders a ſhip's 
ay; and when other ſhips are in company, mo 


| 4 er in danger of falling foul of thoſe which follow. 
er t » When this practice is made uſe of to avoid 
wind danger, the main fail and mizen-top fail may be 
hei ud aback, in order to give the ſhip ſtern way, 


nd the helm ſhould be put over to leeward, that 
t may not check her falling off. Bur skiltul 


th bariners take care not to ſhift the helm, betvre 
" he ſhip begins to get ſtern-way, 

lied | 

to the oer. X. 


Jo bring a Ship to the Wink. 


em it 
mei To bring the Ship A B to the wind, 
1 otWſhat is, to turn her head to windward, Tig. zo. 


he following things are to be done, 


r tr. Put over the tiller BO to leeward, that ſo 

wane rudder B R meeting the current of water to 
bea indward, may- force the ſtern B to leeward, 
vou hich will conſequently bring the head A to the 
Be ind (Prop. t.) | | 
| | 


+, Hale out the mizen GH, that the wind 
M may force the ſtern M to leeward, | 


1 . Diminiſh the head fails, by letting go the 
7 dre ſheet, and ſetting in the weather braces, 
the 745 4. Make 


(1041 

4. Make what ſail you can on the main maß 4 

that the ſhip having more way, may the bete 

anſwer her helm; and that the wind may hay 

more force u on the mizen, and after- part of the 
hip. To explain myſelf, 

The fäfter the ſhip's motion is, 1. The wate 


ſtribes the ſtronger againſt the rudder, 2, | 
puſhes the ſtern of the ſhip with more for 


3. The wind has a greater effect upon the mien 79 
and after-part of the veſſel, therefore the ſwiſ. mY 
neſs of a gary motion helps the rudder every w; -5 
In bringing her to the wind. But in falling o 5s 
as it helps on one hand, in {ſtriking ſtronge 
againſt the rudder; ſo it hinders on the othe 6 
hand, by its force on the mizen, and fern of H 2 
ſlip, in puſhing her after- part to leeward, Cy 6 
Pn OU. XI. 0 
To Tack with the Wind before the Beam. p 1 
t the 
To Tack, is to turn a ſhip that is cloſe hal rce th 

| on one fide, ſo that ſhe may be the ſame on the | 
other. To tack therefore with the wind bcio9 5, u 
the beam, is to turn a ſhip ſo that ſhe may fil it t. 
take the wind before, 5 ſt ſet 


8 Let therefore AB repreſent a ſhip 
Fig, 50, which is to tack, t. After having given 
her as much way as poſſible, right tht 
helm, and hole out the mizen then when thi 


veſlel bevins to come to, put over tte 


Fig, zt. helm BO to leeward, and brace to tht ** 
fore-top ſail, that the windward parts they ; 
| ON | tad 


C 1671 


nach 8 4. 3.) will help her to come to the 
etter : 


har 


Jt 2, Eaſe a little the fore-bowlines to windward, 


ind the fore-ſheets to leeward, that ſo the head 
ai may loſe all power of making the ſhip fall 
V | | 


yl 


or WE .. The mizen may likewiſe be brac'd to lee- 
10 ard, that the wind N M may have the more 


rce to bring her tq; but this is not done but in 


of iſe of neceflity, becauſe it deadens her way. 
0X 4. The head-ſails are not to be ſhifted, till the 
10 ip has paſs'd ſome degrees beyond the line of 


e wind, leſt the wind NA ſhould 
ce back her head A, and hinder her Fig. 42, 


ming to. | | 


2. 


ald 
n the 
eto 


y {il 


rce the ſhip's head to leeward. 


6, When the ſhip is come enough about to 

iſt the ſails z the mizen ſhould be 

ſt ſet, that fo the wind NM may Fig. 33. 

1 eak the way ſhe has in turning, 
uh | : | 


vet | EE: 

lit theſe The Engliſh practice in tacking is, as ſbon as the 

n a lee, to let go the fore ſheet, and not lay the 

er then tail a-back, till the ſhip is ſo far come up ag 

o Wee, ie; then laying it a-back, they tend it, and 
1 thelr after-ſails ſharp, not ealing their fore-bowlines 

12 th they find the ſhip falls off too (all, 


F 5 7. In 


the {ail may lay aback, which as before remark'd 


5, For the ſame reaſon it is, that the bowlines 
d ſheets of the fore ſails, are not entirely let go, 
ſt the ſajls ſhould bag behind the maſt, and ſo 


1 2 oO 
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J. In filling the ſails again, begin with the f 

after-ones, if they cannot be all filled together; ¶ no 

in order to make the moſt of the time in which 

the ſhip is falling off, to fill the head-ſails. In 


this caſe the main fail, as ſoon as it ſhivers, ſhould 
be immediately ſhifted, * ö 


8. There is no fear that the wind A N, ſhould 
make the ſhip fall off too much, ſince the bracesD Bl 8 
being eas'd, and the main fail being ſet, wil to 
bring her up again to the wind. aba! 


9. *Tis not eaſy to tack a ſhip, only with her 
top ſails, when the ſei runs hich, becauſe they 
do not give a ſhip way enough to overcome the 
{well which beats on her bow; the courſes are 


et leſs ſufficient, as giving her ſtill leſs way & 
beſides that the bbre- fil when it takes abach WW OB 
makes too much of a bag to windward of the lee-w 
maſt, which will flat her off again, * 
72s | 0 u 
10. If when a ſhip bepins to come to th! of th 
wind, her head-ſuils are brac'd to, though not befor 
exactly perpendicular to her keel, ſhe will ty 
ſooner, but will fall more n (tern: On the con 2. 
trary, if they are not brac'd, the ſhip will gain the li. 
a head in ſtaying, becauſe the force of her w with | 
Will ſuſtain her againſt any contrary impulſe in wing 
the v 
* the ſ. 
* Our way is aa to brace about our after-ſails, at wind, 
keep the hw d-lails a-back till the after-fails are full, an the he 
then brace about the head fails; for a ſhip in tacking! ward, 


frequently caught, or comes back again, if the head-1a 
are brac'd tou ſoon. | 
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preſs'd on her by thoſe ſails aback z therefore when 
a ſhip is lively enough to ſtay, the head-ſails are 
not brac'd to at all. 5 f | 


PR O p. XII. 


To change the Board with the Wind abaft 
| | the Beam, 9 


Suppoſe the veſſel A B, were obliged 

to change her board with the wind Fig. 34. 
abaſt the beam, either becauſe ſhe can- 5 
not bring the wind forward, or that for ſome 
articular reaſon ſhe is obliged to change her 
bard with the wind abaft the beam, and to take 
luff for luff. 
1. Hale up the mizen, and put over the tiller 
OB to windward, then when the veſſel has got 
lee · way, bring to the weather-braces, and in pro- 
* as ſhe falls off, continue to brace in, that 
0 when the ſhip comes right into the direction 
Pop, the ſails may ſtand trimd right 
efore it, 1 


2. When the ſhip's way has brought her beyond 
the line of the wind, hale out the mizen, that ſo 
with the rudder, which will then ſtand right for 
bringing her to the wind, it may continue to help 
the veſſel to turn; continue likewiſe to brace in 
the _ till they are brought cloſe upon the 
wind, 
the helm to break the 
ward, | 


Then halin op again the mizen, ſhife 
orce of her way to wind- 


Fe 


3. If 
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3. If when the mizen is hal'd up, and the 
helm ſhifted, ſhe does not fall off; it may be 
effected by bracing in the ſails as cloſe as poſſible 


to windward. But as ſoon as ever the ſhip 


begins to get leeway, right the ſails again to help 

: her, leſt when ſhe comes near the line 

Ng. 35. of the wind, the wind N A ſhould 
break the ſhip's way in turning. 


4. Take care not to be too haſty in braein 
the ſails, when the ſhip begins to fall off, le 
by ſome ſudden motion the wind ſhould take the 
fails aback. 


P R 0 r. XIII. 


7 prevent the Accident, call'd building 
| a Chapel, 


A Ship is ſaid to build a Chapel, when the 
wind taking her a head, forces her unexpeQedly 
about. This accident is dangerous, becauſe it 
may throw a ſhip in the way of another a {tern 
of her, or upon other dangers, 


1. Suppoſe the ſhip AB, take the 

Fig, 26, Wind a head, if ſhe remains in that 
Jaiſpoſition, the wind N A falling upon 
the ſail CD, will make the ſhip come to the wind 
till ſhe paſſes the line of the wind, when ſtriking 
her with till greater force, it will bring her (tern 
to windward. To hinder which, put the helm 
over to windward, hale up the mizen, and brace 
the head-ſails DC to the wind, till the angle 
C A becomes a little acute; that ſo the 7 
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NA falling upon the ſail DC, may thruſt back 
the head A to leeward, and make the veſſel fall 
off, Then when the ſhip has got leeway, right 
the fails DC again, and hale out the mizen, 
utting over the helm too to leeward, to prevent 
bs falling off too much, 


2. If the angle CAB be made very acute, 
the ſhip will fall off ſooner, and force her leſs a 
ſtern But then it may happen, that the ſhip 
has already turn'd ſo far that the ſails DC may 
ſhiver, or even fill, which will render it impoſſi- 
ble to prevent the accident. Tis therefore proper 
to brace the fails CD no more than is juſt 
neceſflary to flat the ſhip off. 


3. Suppoſe the ſhip A B has all its / 
ſails a back, in order to fall a ſtern, if Fig. 37. 3 
after ſhe has loſt her head. way, the 

helm BO be put over to leeward, the water 
which ſtrikes againſt the rudder when the ſhip 
begins to get ſtern way, will throw up her ſtern 
B to the wind, and the wind N A will fling her 
head to leeward with ſo much force that nothing 
can ſtop her turning about. But this accident - 
may eaſily be prevented, by bracing a little the 
ſails NO to the wind, that is, by making the 
anpleCAB a little acute, and putting the helm 
and mizen to bring her to the wind, Nor need 
it be feared that the veſſel ſhould come too 
much to the wind; for the ſails CD will receive 
the wind NA more perpendicularly, as the 
ſhip gains to windward, and force her with the 
greater ſtrength to leeward, 


4. Many 
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4. Many skilful ſeamen make uſe of thi 
practice when they ſound, becauſe the ſhip then 
makes little or no way, and is not at all liable to 
build a chapel. = 


p R OPP. XIV. 
To ye to under the top Sails. 


A ſhip is ſaid to lye to, when her fails ate 
ſo difpoled, that producing contrary effects the 
one to the other, they render the ſhip as it were 
immoveable, | 


1. Let A B repreſent a ſhip, whoſe 
Fig. 38. fails are ſo diſpoſed, that the angles 
CA, FAB, may be ſomewhat acute, 
the mizen G H being hal'd out, and the rudder 
BR to leeward. In this ſcituation, the head- 
ſails will puſh the ſhip's head A, by the line 
NA, to leeward ; and the after-ſails G H, bearing 
her ftern to leeward, by the line N M, will force 
up her head to windward: So likewiſe the fails 
DC, EF thruſting the ſhip a ſtern, and the 
fails HG bearing up a little a head, conſequent- 
ly as the ſhip cannot eafily divide the water a 
ſtern, ſhe will remain almoſt immoveabie, mal-ing 
bur very little way, and that a ſtern; for which 
rea ſn the et of the rudder BR will be to 
bring up the ſhip a little to the wind. 


2. The lower fails being furl'd, and 
the top fails a little lower d, brace in 
the fore-top fail DC till the angle 

CAB becomes a little acute, gaining a little f 
| „ 1 


Fig 39. 
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the ſame time to windward, that the ſore. top ſail 
may be taken aback, whilſt the main-top fail. is 
fill d by bracing it in to leeward, In this ſeitua- 
tion the ſhip is thruſt a head, and to windward 
by the main-top fail, (Prop. 5. 4.) and a ſtern, and 
to leeward by the fore-top ſail (Prop, 4. 2.) ſo 
that between both, ſhe remains as it were im- 
moveable. 


z. If in this diſpoſition the ſhip falls off too 
much, hale out the mizen, or make uſe of the 
mizen-top ſail, and if notwithſtanding all that, 
ſhe (till falls off, make the angle CAB leſs 
acute, and the angle CAN more acute, b 
bracing in the fore-top fail a little to leeward. 
There js no fear of her coming too much to the 
wind, becauſe as ſhe comes to windward, the 
fail DC will take the wind more directly, which 
will give it more power to flat her off. Thus a 
ſhip lies to moſt {ately under a mizen ; but then 
ſhe is moſt liable to fall off, . 


4. The helm ought for the moſt part to be 
put over to leeward, fince the veſſel more com- 
monly falls a ſtern than gains a head; for both 
the hull and rigging ſerve as a back fail. 


'5. A ſhip may lye to, with her 
fore-top ſail DC fill'd, and her main- 
top ſil EF a- back; and in this diſ- 
poittion ſhe will not ſo es ſily fall off, becauſe 


| Fig . 49. 


the fail DC keeps her cloſer to the wind, and 


has !efs force to flat her off. (Prop. 4. 3.) 2. The 
ei EF has more power to bring her to the wind 


(Prop. 5. 5.) Therefore this way of lying to, 


ſeems the moſt convenient for a fleet in a. line of 
battle; 


— 
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battle; but as it puts a ſhip in greater danger of 


taking the wind a head, it is ſeldom uſed but in NG. 
_ engagements, when it is of much more conſe. * 
uence not to fall to leeward, than to prevent | 
. of taking the wind a head. L 
5. P P. o p. XV. 2 42 
To Iye to under the Courſes. | =» 5 


When on account of the violence of the wind, _- 


or the fear of danger, or of any other reaſon it is mot 
thought convenient to lye by: If then the ſhip 
cannot come to an anchor, nor lye to under her Meets 
top fails, they then try under her courſes; that is A 3 
(as before with her top ſails) they ſo diſpoſe her 

lower ſails, that ſhe may make little or no way. 


becau 


too m 
the r1 
f the 
will k 
fallen 
make 
clo't 

will 

wher: 


1. The top fails being furl'd, and the lower 
fails trim'd cloſe, keep as near the wind as 
offible, without hazard of taking the wind a 
ead, that ſo the ſhip may make very little 
head-way, and only fall off in a line between the 
direction of the wind and the rumb of the 
courſe, | 


| a hij 

2. A ſhip will ſtill make leſs way, if the main 1 
fail be likewiſe furl'd, and only the fore fail and ; 

mizen ſet, or the mizen alone, | en 


* 
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| 4 Sometimes the main ſail only is made uſe of, 
and then the ſhip will move only by jerks as it 
- were, and fall too near the line of the wind, 
She will thus make but little way, but then ſhe . 
will labour very much, The rudder will be but 


of little ſervice in this caſe ; but that the ſhip Nimes 
| may 


. 
ger of may labour the leſs, let the helm be ſo put to 
ut in lceward, that the rudder may be nearly parallel 
onſe. to her courſe. N 3 | 
event RE 
4. Sometimes the wind blows ſo 

hard, that a ſhip cannot bear any ſail, Fig. 41. 
In ſuch caſe, having furl'd all the fails, 

ard ſquar'd the lower yards, brace the top-ſail 
rards in the ſame manner as if the ſails were 
ſpread, and put the helm hard over to leeward. 
Thus ſhall the ſhip move as it were by jerks, 


71nd, 


It 1s Wrnolt commonly preſenting her fide to the wind, 
ſhip becauſe when ſhe is pretty much fallen off, ſhe 
her gets head-way, and the rudder BR. will Dong 
_ E again to the wind, and when ſhe has gain'd 
her too much to windward, ſhe will fall à ſtern, and 
„ the rudder BR will again throw her to leeward. 


{ the helm be put over to windward. the rudder 
will bring the ſhip about, ſince if ſhe be much 
fallen off, and has got head-way, the rudder will 
make her fall ſtill more off; and if ſhe comes too 
clot to the wind, and falls a ſtern, the rudder 
will ſtill bring her more to windward. From 
whence it follows, that by means of the rudder, 
a hip may be turn'd, though ſhe has not a ſingle 
ail read, PE, | 


"wer 
1 as 
d a 
ttle 
the 
the 


lain 


and 5, If when a veſſel is thus only driving with 


ber maſts and yards, it is thought proper to let 
her go before the wind, when the ſhip comes 
Into the line of the wind, right the helm, and 
mvare it altogether the ſame as if the veſſel 
were under ſail, for in ſuch hard gales eſpecially 
be hull and rigging are in effect a fail, d 
hus driving before the wind, a ſhip will ſome- _ 
mes make ſuch great way, that ſhe may _ 
muc 


of, 
$ it 
nd, 
ſhe . 
hut 
lip 
"ay 


C  Þ _—- 
much hazard of being loſt, if ſhe hath not (uf, 
cient ſea room. LE | 


Prop. XVI. Mz 
To govern 4 Ship with the Yards. 


I. It is eaſy to govern a Ship with the lil 
fince ſome of them ſerve to make her fall of 
and others to bring her to the wind; and fine 
the yards ſerve in ſome degree as ſails, a ſhip my 
in like manner be govern'd with her yards, 


2. When in fine weather it is thought convenient 
to change the place of a ſhip's riding, in a road 
where there are many other veſſels z unfurl the 
mien, and mizen-top fall, and in weighing the an. 
chor, let the yards be brac'd as much as poſſible of 
ofite to the place where the ſhip is to fall 
hen when the anchor is up, and the ſip ſuf 
ficiently fallen off to take the proper diretion, ft 
the yards in all reſpects as if the ſails were ſpread, 
if the ſhip comes too much to the wind, hale up 
the mizen, and brace the fore yards cloſe in to 
windward, If ſhe falls off too much, hale out 
the mizen and mizen-top fail, If the ſhip has to 
much head. way, cheek her by laying the mizen, 
top ſail a-back, If ſhe has too little head-way, 
Increaſe it by aſſiſtance of the-mizen and mize: 
top fail, In this manner you may traverſe a road 
as you pleaſe, and moor a ſhip juſt where po 
have a mind. But for the greater ſecurity, the) 
commonly ſend out a boat with a fmall anchot 
in caſe of a calm or a contrary wind, 
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t ſuf; 


Many other common practices in the working 
of a ſhip might be added to theſe above ex- 
lain d; but as they have nothing particular to 
g accounted for, I ſhall. paſs them over, that J 


fail may not tire my reader with tedious repeti- 
al of tions. | 
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1 | 5 8 3. 

= | | = r b 
of ſailing from one Place to another at a diſtanu * 
PAO. XVII. er 

7 come ro fail. ha 

all an 


t. AT a proper time to go to ſea, having unmoord 
your ſhip, in heaving up to your othe \ 
anchor, ſteer your 1 right with the anchor, . 


having recover'd the buoy and brought your ſkip. 
a peek, looſe your top ſails, and ſet then, Sk 
bracing the main'yard and main-top ſail up fame 
and your fore-top fail a-back, to flat her off tt * 


that fide you would caſt her; at the ſame tim d. 
haling out the mizen to bring her the mor. be 


readily to again; in this manner if you hat my 
nothing to oblige you to make ſail, keep he 
till your anchor is ſtow'd, when you may wan 

her to her courſe, and then make uſe of whit 0 7 


ſails you think proper. 


2, If in bad weather you are oblig'd to com 
| to ſail, and in doing it, are in danger of falling 
| upo 


L117 


pon ſome rock as A, carry out a ſmall 

chor on that bow your danger lies, Fig. 42. 
nd bring the hawſer in abaft on the | 
me quarter, and make him faſt, which having 
done, vere away the cable D, till the ſhip 18 
allen off ſo far as that you may ferve your ſelf 
with ſuch ſails as are proper for the weather, 
which, when you can do, cut away your cable 
nd hawſer. —_—_ 


| z. If time and weather will permit, it would 
— M$: better to carry an anchor farther out a head, 
iter having hove in as much as may be on the 
chor down, and come to ſail from the anchor. 
0 carried out, from whence you will probably 
ave room to caſt, 


4 When the weather permits you not to come 
o fail with the top ſails, you may with the fore 
all and mizen, | | 


* 5. When you are obliged to cut, in order the 
ore readily to come to ſail, be ſare you do it 
Hoo ot till your top ſails are hoiſted, and brac'd for 
han aſting, leſt you fall to leeward, and loſe more 
Mine than if you had hove up your anchor, 


Remember alſo to leave a buoy on the end of the 
able, that you may take it up again if oppor- 
hand9o nity oflers. EO RE 


p R Or. XVIII. 
Of gaining as much as may be to windward, 
1. If a hip had as much difficulty to divide 


he water with her head, as with her ſides, as 
would 


com 
alling 
up 
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= would be the caſe were ſhe round, til 
Pig. 43, could then no way gain to windward, 3 

Por let the ſhip be A, the line of the" if 
wind BA, the perpendicular to the wind C4. t the 
the ſail DA, its direction AE, If the veſſel e p. 
were round, ſhe would continually keep thei" 
direction A E of the fail, and conſequently fl pd t 
of from the line A C z Which is let falling to 
leeward or making lee. way (Def. 4.) 


o/. 


2. IF on the contrary, a ſhip could not at .“ 1 
divide the water with her ſides; but always kept | 
the line ſhe looks in, without making any lee. vag!“ 
ſhe would continually gain to windward whey he l. 
ſhe looks above the line A C, as in the line Ae fi 
and what ſhe gains to windward will be meaſür che 
by FG, the fign of the angle FA G, provide. . 
her abſvlute motion be meaſured by the line FA 
That is to ſay, the product of the ſign of the © 
angle FAG by F A, the ſign of the angle FEA by K. 
or FAD, wil always be what the ſhip gains to 
windward in the courſe FA. But this product | 
will always be greateſt when the two Fj ns are zel 
equal z therefore the ſhip A will always gain mals lig 
to windward when the line F A, divides e t 
angle CAD into two equal parts. ; . 


Or, if you, like better {> to muy it, thl wy 
point F in the middle of the arch AFC, is thi 255 
moſt diſtant point from AC, or more to wine (oy 
ward than any other point as H, In the fn: © 
arch z and moreover the ſhip will arrive as fa © 
at the point F, as at the polnt H. (Prop, 2.) * 
Therefore ſhe will galn moſt to windward, whel mY 
her courſe A , equally divides the arch A c 
or the angle DAC. 1 FRY 
„ 3. Lee 


L nag 3 


ſell , x | ion ir le; 
n Lee. way males no alteration in this rule; 
nul * hip min lee. way, ſhall only 1 
0 Ni the point I, in the line FE, in looking up to 
el ſ le point F; in looking OR the oint H, ſhe 

41! only reach the point K, of the line HE; 
„ the lines F H, I K, ſhall be parallel (h 
* Froþ. 1. ).) Therefore if E is to windward of H, 


ſhall be to windward of K (by Def 4.) 1. 


4. Let us go on ſuppoſing the ſhip to make no 

e way draw BD, the ign of the 1 
ngle BA D, which the ſcituation. of Fig, 44. 
he ſail makes with the wind. Since ; 
e ſigns D B are to one another, as the roots 


. f the impulſions of the wind upon the ſail (by 
vide 5) in its different ſituations l and that the 
rent velocities of a ship's ſailing are alſo to 


ne another, as the roots of the ſame impulſions 
by Sp. 5.) the different velocities of ſailing 
all be to one another, in the different ſituation 
jt the ſail, as the ſign DB; and dae 
he relocity of a ſhip may alway be expreſs'd by 
e ſign DB, in ſup fin the ſign total to ex- 
refs the velocity of a ſhip Calling before the 
vind, Make then AE equal to DBy and 
aving deferlb'd the ſemicircle AC HE; from the 
enter H draw HF perpendicular to AC, which 
all divide the arch A H GC equally in the point 
(by Ee, t. 3.) and cut the line AG in the 
int G. But the line AP ls the moſt advanta» 
vis courſe for the ſhip to „ to windward in 
„„De {cituation of the fall DAB (by the pree,) 
Ebel erefbre the line F G ſhall be all that the ſhip le 
Ades galn to windward In the feltuation D AB, 
Ion which we may make dae e 
| 1. 


f thi 
EA 
ns to 
oduRt 
ns arg 
1 moſt 
8 thi 


t. tht 
is thi 
wind 
fallt 
| {66f 
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. If the angle D A B is juſt 30 degrees, FG 


ö "on ! « 


o 1 


ng 
ſhall be exactly + of radius. 


 Demonſt. DB, or AE being the fign of z 
degrees, will be + the radius, and ſince all th 
angles of the triangle H A F are of 60 degree 
PA will be equal to AH, or g of radius. But 
FG being the ſign of 30 degrees, will be thellf 
halt of AF; it will therefore be 4 of radius Nanta 


2, If the angle DAB be more than 3o depretz 
FG will be leſs than 5 of radius. Let us call“ 
the difference between the ſign of 30 degree 
and the fign D B, which we ſuppoſe greater. 


| Demonſt. A E being equal to $ radius with A, 
and conſequently H F cing equal to t of radu E, a 
and 1 4. Moreover HG being the fion ater 


above zo degrees, will be equal to the 4 of HA; 
or 5 of radius, and t of 4, and beſides of a mag 
nitude which will be to 4, as AH to the figt 
total, ot more than its fourth z therefore HG 
ſhall be more than + of radius, aud 4 of 4, and 
conſequently if it be ſubſtracted from H , thMerefo 
- remainder F G will be leſs than 4 of radius. 


Ik the angle D A be leſs than ze degren 
FG will be leſs than + of radius, Let us again 


AB 
call 4 the difference between the ſign of 46 dun! . 
grees, and the fign D B which we ſuppoſe leſs. Will be 
ind. 
Demonſt, HF will be \ of radius leſs 1 6 Ak. 
Moreover H (3 will be 4 of A H leſs a magnitude K js e. 


which will be to d es H A to radlus Lt at 18 to 


ſay, leſd than its fourth; therefore AG will l 
EF | | equi 


4 v g 
* 5 : 
? : 
| L 181 1 
9 4 » 


qual to more than the 40f AH lefs2 of 4, or 


ill be equal to more than 4 of radius, leſs 2 of 
and conſequently if it be ſubſtracted from FH, 
he remainder will be leſs than + of radius,: | 


of 50 9 * 

| th COROLLARY. 

greez + 3 | | | 
bout From whence it follows, that if the ſhip makes 


s lee. way, the ſcituation DA B, the: moſt ad- 
antagious to gain to windward, ought to be 
uſt 30 degrees. „ 1 51 


5, To find what alteration /ee-way will make 
n this rule. Draw EL, and HM, parallel to 
A, and continue F G, till it meets E L, in the 
vint L. Again, draw CE, in proportion to 


ith A, as D I to BA. Then ſuppoſing EI to 
adi E, as the difficulty of the ſhip's dividing the 
zu 008Wter by her head, to that of * by her 
H Ade ; and as any magnitude 4 (which we call 


ay) is to the ſign total. Laſtly, ſuppoſing 
K prune to CA; in the ſituation DAB 6 
e fail with the wind, the line FO leſs F K, will 
what the ſhip gains 'to windward, knowing 
etefore F K, her advance to windward may be. 
town z for FG is eaſily known as above ex- 
fan d. Thus therefore may be found PK, 
dee the angle CARB le equal to the angle 
AB, the fign total AB, le to D; a AKE 
ual to DB, is to CBE, which by th meany 

|| be known and conſequently FL may be 

ind; which is the half of CE, and the half 
AR, Therefore iges BF1Rl11LF1LK, 

\ is conſdquently diſcovered, 


6 COROT- 
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As it may be known what a. ſhip gains to 
windward in every ſcituation of the fail, it will 
be found that the moſt advantagious ſcituation 
for that purpoſe, is when it makes the ſign DB, 
equal to half the radius, leſs a magnitude ot 
quantity, which is to the ſign total; as the lee. 
way 4, is to the fign total. more the lee-way /, 


For in augmenting or diminiſhing ever ſo littl * 
this ſcituation, K will be found leſs, prec 
b | L az M M A, 8 = 
If A 2 28 than B, does not exceed it — 
more than B does C; the ſquare of B ſhall by 18 | 
greater than the product of A into C (by Fil 
16, 6.) Since A will have a leſſer ratio to! 
than B to . 5 
76 find the maſt advantagions ſeituation of 4 Si up a 
; Jor 4 chunt given, when 8 Sp maket ning... 
„ . pat! 
I. Let AB bethe line of the wind" 
Fig. 43. A Fthe courſe, and DA the fhil, Du 
AE perpendicular to the fail, . 
equal to the ſign of the angle D AB, and uno. ,,. 
AE deſcribe a fomi-clrele'curting the courſe A! 
in the point: F, ſb ſhall AP be the velocity 
the ſhip, In the ſeleuatlon of the fail DAB, 1.1 


hich 
hall b 


2, T 


Ts 


:. The 4 BEA. being equal 25 the mats 

FAD; the ſign total will always be to tho line 
ns to AE the fign of the angle DA B, un the figh of 

will W the angle F A D, to the line Ar; and cbaf- 
ation I quently, the roduR of the . DA by the 
DB, 4 FA P, bein * fg waa) 
my piye the was © W 8 M ih eee 
e lee- 915 1 16%) Wh of | 
vay 4 „ This __ will: always be prenteſt wheh 
link ge two angles D A B, F A D are eu "(by Lem, 

prec.) ſince in augmenting the one, its ſign is 
55 increaſed, in p — as — other is = 
miniſhed « ſo that | the velocity of the ſhip in 
always gre reateſt, when the all 4 D divides the 
in als P B of the coutſ6 with the wind, fats 
| Woo equal partes” "Y 


@.iF 


End 


to h ho 
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This rule then ſerves for gaining tg the moſt tas 
may be to windward in a given courſe, when a 
ſhip is ſuppoſed to make no lee-way g becauſe in 
that caſe to go molt Awift, is the fn 0 thing as to 
tain moſt to windward, Thie rule therefore u of 
F: ible. In falten ſince les · way le very often 
mMennidle. 


xx. 


. alteration in Peloelt A abe ine. ua — 
M in the foregotng un, e : 


r, . the rumd line G 
vhich the ſhip ought to ſail, the fail Fg 45 
hall be ſtil in the moſt advantaglous 
G 2 | ſeltua⸗ 


Pao? 


windward, for which 


* 
. 
| 
„ Pp * ! 
4 : 8 
74 | f 
1 
ty 
L . 
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ſeituation for velocity upon ſuch rumb, when it 


equally divides the angle FAB. 


Demomſt. Let us ſuppoſe the ſail to divide the 
angle E A B. unequally, then if the veſſel having 
no lee way, would arrive but at the point H, in 
the time ſhe wauld have got to the point E; (by 
the prec.) with lee- way ſhe will only obtain the 

oint K of the perpendicular HI, in the time 

e would have come to the point G of the pet. 


pendicular E B. 


2+ If che ſhip keeping the rumb A E, is carried 
by her lee-way to the * G of the perpendicu- 
lar FE, when the ſail equally divides the angle 
FAB; the angle DA B cannot be og 
_—_ retarding the ſhip's arrival at the point 


Demonſt, If the angle DAB be augmented, 
and the ſhip keeps the ſame rumb AF, ſhe wil 
come but to the line HI, in the time ine would 
have got to the line FE; but, as her | lee-wa 
would carry her on in a line below the line AG, 
It, is therefore neceſſary ſhe ſhould run more to 

© at the time ſhe 
ſhould have gain'd the line FE, ſhe will be 
found in a line ſtill nearer the point A, than the 
line HI, and conſequently, will only arrive at 


ſome point nearer A, than the point K, at the 


time ſhe ſhould have arrived at the point G. 


3. If the angle DAB be diminiſhed, the * 
will then ſaoner arrive at the point G, and it will 
be eaſy to find the velocity A G in every poſition 
of the ſail. For the ſign totat will always bew 
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1 

the ſign of the angle DA B; as the ſign of the 
angle FA E the complement of EAD, to PR, 
therefore EE may be known, and conſequently 
FG, which is to FE, as the lee- way, be meg 
total, Farther, the angle GA F may be known, 
for the tangent of the angle EA E, is to the 
tangent of the angle & A F, as EF to GF. 
Laſtly, A G may be found, for the ſign of the 
augle GAE, is to G P; as the ſign total to A G. 
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The angle DAB which ſpall be the moſt ad- 
vantagious, may be found by a trigbnometrical 
calculation, that is, ſuch an angle as cannot be 
augmented or diminiſhed, without leſſening A G. 
For example, ſuppoſe it were requir'd to find the 
molt advantagious ſituation of the ſail for a ſhip, 
whoſe lee-way is to the ſign total, as 1 to 10, and 
is to keep the courſe A G, 8 angle GAB 

with the wind of 100 degrees. T Begin by ſup- 
poſing that the angle DAF ought to be 5r de- 
grees, that is a little more than half the angle 
GAB. Its complement F A E will be 35 degrees, 
ſubſtract the logarithm of 10 from the logarithm 
of the tangent of 39 degrees, and the remainder 
will be the logarithm of the tangent of the 
tage G AF, which will be 4 degrees 28' ;-this 
added to the angle F AD, gives 55 38“ for the 
angle GAD; and conſequently the, angle DAB 
will be 44* 22". Add the logarithm of 44* 22 
to the logarithim of 39 and from the ſum ſub- 
ſtrat the logarithim of the ſign total, the re- 
mainder will be the logarithm of F E, from 
which muſt be taken the lo arithm of 10 to 
get the logarichm of FG. Then adding the 
N 3 $ loga- 


* 


3 126 * 
logatichm of the ſign total to that of FG, and 
ſubſtracting from the ſum the logarithm of the 
angle G A F, the — will be the logarithm 
of the velocity GA, for the ſcituation which 
makes the angle DAB 44 22, 
9.908369 Log, Tan, 39 ae 
'1:000000 Log, 10 


| 


8.co8369 Log. Tay, 4 dep, 38 


0 


' 0.99869 Log. Sine 39 de fees 
584463 Log Sine 44 is. an 


HE 


109.643 30 
10.00 


63864350 Log. FB 


A 


1. 0000 


8, 6430 Log, F 0 


8. 90692 eh 42 38˙ X 
* "3.13658 Log. AG 


Do the ſame ih dugmenting, or ainiinifhing the 
abgle DAF till it cannot be more iricteas'd or 

diminiſhed, without leſſening the velocity AG, 

2 you will obtain the moſt advantagious ſcitu- 
ation, | 


Aſter this madnner the following table is mac 
and ſo may de * fat every potlible ca ſe, 
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ſeveral Courſes therein given. 


Pol 


Lee · way 
7 "Mo 18 
Te otj Angie Angle o 
Wind of thelthe Windſof theſthe Wind 
With the Wind [with the Wind with the 
Courſe to] with [Courſe to 
te kept gene o Kept 
7. Degrees Dope, | Degrees * Degi een 
169 | 84 | 170 | 8; | 170 
158 [79 | 159 | 79 | 160 
147 | 73 148 | 74 | 149 
— — — — a — —ä6ꝓ4—õ — 
138 | 67 | 139 


1 Table of the Situation of he Sail For the 


\ 


- 
2 


eee ; PR Or. . | 
Of the alteration which Lee-way will made jy 
, the foregoing Propoſiricns, when a ſhip is to gam 
' more to Windward, | 
I. If the courſe be determined, there will be 
no alteration in the laſt propoſition. 


Tee 2. If only the rumb line A F be de 
Fig. 46. termined, the angle D A B muſt not be 
| greater than half the angle FA B. 


Demon. The angle DAB being above the 
half of FAB, the ſhip would only gain the 
point L, in the time ſhe ſhould have got to the 

point G, if the angle DAB had been but half 
the angle F AB (by the prec.) which point G, 
muſt always be to windward of the point L, ſince 
if it be required to pain to windward, the angle 
FAB muſt be acute, 5 . 
Z. In making the angle D A B leſs than half of 
FAB, the ſhip will gain to windward, fince the 

angle of the 4 begorning leſh the ſip muy 

arrive at the point N, in the time ſhe would have 
come to G, if the angle DAB had been half 

4. It is eaſy to determine what a ſhip gains to 
windward upon every ſeltuatlon of the fall]; for 
having drawn the perpendicular GM upon AB, 
the line M A will be the ſhip's gain to windward 

and the ſign total will always bo to AG, as tho 

7 of the 1 MO A the complement of 

AB, to the line A M. | : 

Corol, The moſt advantagious ſituation of the 
ſall for gaining to windward may thereforo be alſo 
found, and thrown into tables ſerving ever) 
poſſible caſe, as in that which follows, 
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A Table of the Scituation of the Sail for gain 
ng to Windward upon the ſtueral Live 
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75 find the” proper Rumb # Shiþ ould keep, in 
P fig from one fix'd Place to — 


1. If the veſſel has no lee · way let her head 
point directly zo the place ſhe is to ſail to. 


2, When g ſhip has lee-way, turn her head to 
windward of the point ſhe is to make, in the 
| following manner, 1 77 the ſhip 
Ng. 47. A, the line of the wind B A, the point 
| the is to fail to, C; then muſt thy 
mi range upon ſome other line as AD, and there 
will be two ways of obſerving whether ſhe males 
too much or too little to windward, 1. Tale 
' notice of ſbme olyect, as E, which anſven WM th 
direftly with the point C, and if when the ſhip MW he 
has ſajled ſome length, the object ſtill continue WM we 
to anfwer directly with the * C, it is plain at 
the (hip keeps the line ACE, and will un an 
directly upon the polnt C. But If after ſom 
elme ſailing, the objec R opens to Windward of 
the point C, you may be ſure the ſhip's head the 
Polnk $00 much te windward, and that the (hip wh 
'will run to windward of the point C, unleſs f pol 
falls off a little, If the object R opens to leeward I Ude 
of the point C, then 'tis certain the ſhip falls of 
too much, and wil nat weather the point 0 line 
3, Set the point C by the compaſs, and if after run; 
dme time failing, the point C continues to best ima 
the ſame, the ſhip then keeps the right courſe; 
but if the point C falls tb lee-ward, the ſhip run 
tos much to windward z on the contrary, if the 
e | point 


tf 


t C appears more to windward, the " {1 
Fen falls 2 much. Pp 


In the ſame manner it. may be 3 


* a ſhip will double a Cue z; or whether 
fall to 


ſhe will gain to windward, or leeward of 


another ſhip riding at anchor, ** 1 

| Pro”, XxIII. LY 

25 fd the ew Cour ” chaſing « a run. 
Leeward 3 


oft the ſhip A were to chaſe the Zig. 4B. 
y wy and FA the line of the wind, * 0 


1. If the ſhip A were to beat 1 7 down up on 
the ſhip B, hs would deferibe, approﬀchin 
her, a curve line, till ſhe falls into her wake, an 


| would run a havard of not coming up with her 


at all z both as ſhe would have more Wa 
nd would loſe the advantage of the wi 


1. The ſhip A muſt then look to ny ef 
the ſhip B, and range upon ſome line as A B, 
wherein ns may —_ op With the lp, x at the 

olnt K. But 8 know that line, It muſt be * 
deied, that It the veſſel A comes up wit 
_ B at the pulnt E, ſhe muſt run through th 

line AE, in * ſme time that the veſſel B 5 
runnin HEE the line BE and conſequently 
imapining the lines C D para aſtels to A cur 


05 pun, 


| 
the lines AF, and BE, into rruportional arts, 
(by 2. 6, of Eucl. ) the two ſhips will arrive at 
the ſame time upon each of theſe Karan and 
er, will con- 
tinue 


conſequently with 1 to _ ot 


L 132) 


tinue on the ſame rumb, as when they were on 
the line A 35 


3. It is then eaſy to know, if the line A E, 

won which the ſhip A ranges, is a proper courſe 

r meeting the ſhip B at the point E, by re. 

ſetting the * 1 by the compaſs, at 
ot 


peatedly 
f the ſame bearin 


ittle intervals of time. 


continues, it is a certain fign the two ſhips arrive 


at the ſame time upon each of the lines CD, and 
will conſequently meet at E; but if after ſome 
time, the ſhip B falls to leeward, it may be con- 
cluded that the ſhip A keeps tov much to wind- 
ward z on the contrary, if the ſhip B is found 
more to windward, after having made a ſmall 
run, it ſhews that the ſhip A falls off too much, 
and muſt keep cloſer to the wind, not to fall to 

leeward of the ſhip B. f 


RIM AAA 8, 


1. Though the ſhips A and B ſall equally well 
yet if the ip B continues ſailing cloſe upon the 
wind in the line EE, the ſhip 

windward, may come up with her by ſome other 
line as A E, Since the ſhip A ſailing with « 
larger wind will run ſwifter, and may therefore 


» 


run through the lines AC, while the ſhip B us 


running thro' the lines B D. 


2. In like. manner the ſhip A may come up 
with the ſhip B, by many different lines, if in 
fallmg off, ſhe increaſes her velocity in the ſame 
ratio as the lines AC, 


. 


PR O P. 


A, which is to 


0 P. 
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pA Or. XXIV. 


To find the proper Courſe for 4 Ship to cut, or 
70 the 7 F another, to Gad, of 
al | a 9 


1. The ſhip A bug to leeward of © 
the ſhip B, may poſſibly be {6 good a Fig. 49. 
ſailer, that In tucking on any line as 
AE, ſhe may run through the parts AC, while 
the ſhip B is running through the correſpondent 
parts B D, and conſequently come up with her at 
the point E, Whether A E be the proper line, 
may be tried as before, by frequently ſetting the 
ſhip B by the _— for if ſhe be found ſtill 
to bear upon the ſame 8 it ſhows the two 
ſhips anſwer each other by the parallels C D, and 
that they will meet at the point E, But if the 
ſhip B falls to leeward, the ſhip A keeps too 
much of the wind z on the contrary, if the ſhip 
B gains to windward, the ſhip A falls off too 
much; and therefore if ſhe can lay no nearer, ſhe 
will not be at all able to cut or eroſt the way 
of the ſhip B, | 


PA O. XXV. 


7% rhe Point where a Ship ought to Tack, 0 


cut or croſs another to windward her. 


1. If the two 2 A and B, ſail | 
with equal velocity, they cannot eut or Fig. 50, 
croſs each other, unleſs one be to wind | 


ward of the other, 


2. If 


[C1340 


2. If the ſhip A, which is to leeward, out. 
ſalls the ſhip B, ſhe may croſs the other before 
mme gains the wind, and the point where ſhe is to 

make her tack for that arm pers may be deter. 
mined, if the time ſhe would take up in running 
through a line equal to the ſpace between them, 
is nearly known, as thus; 33 


2. Suppoſe the ſhip A is to run the courk 
AD, and the ſhip B to run the courſe BE, pati. 
lelto AD; and that the time the ſhip A Would 
take to run thro! a ſpace equal to the diſtance ABI 
of the two courſes, were nearly known. Obſerye 1 
the time which has paſt ſince the ſhip A anſwerd tho 
to the ſhip B, by the line A B perpendicular to th E. 
courſes, and that whereln ſhe anſwers by the line 
CH, which makes the angle HCA 4 degrees; 1 
and from that time, ſubſtract the time the ſhip H! 
would have taken in running through a line equi AC 
to AB, then will the root of double the ſquare 
of the remainder, be the time that the Ship A 
ſhould continue on her courſe from the point, 
before ſhe makes her tack to croſs the courſe « 
the ſhip B. Continue A B, and CH, till the) 
meet in the pu Gy and make CD, HE, us 

to GH; then draw DG, which ſhall cut H pol 
In the point I; laſtly, eompleat the 7 ts | 
GCDF, and draw H IL parallel to BA, 


I ſay, 1. That the point D, ſhall be the pot tea 
where the ſhip A ought to tack, according t0 
the rule given, | | 


Demonſt, Since in the rectangled triangt 
CA G, the angle Cis 45 degrees, it will | 
e equi 


Out. 
zefore 
> i$ to 
deter. 
nning 
them, 


— 
arg 
ful 
e Al 
bſeryt 
ſwer d 
to the 
he Une 
res 
f = 
equi 
f un 
ra C 
rſe of 
. 
11 


ogtam 


d point 
ing t0 


rianple 
vill 


equal 


_ 


* to the angle G, and the lines AC, AG, 
will be equal þ as alſo BH, BG; and CL, LH, 
or A B. Then fince from the time that the ſhip 
has taken to run through the line AC, the time 
ſhe would have taken to run through the line 
AB, or CL is taken; the remainder will be the 
time ſhe has taken in running through the Une 
LA, or HB, and the root of its ſquare doubled, 
will be the time ſhe muſt take up in running 
_ GH, or CD: and conſequently the 
point muſt be the point where the ſhip A muſt 
wk, according to the rule given, | 


1 ſay, 2 That the ſhip A, tacking at 
the po at D, ſhall meet the ſhip B, in the polnt 


Demonſt, CD: 11 ˖ „HO or 1: CA. 
HB; then fince the ſh] Ip A has run through the line 
AC while the ſhip B has been running through | 
the ine BH ; ſhe El run through — line CD, 
while the my B runs through the line H L 
Likewiſe fince DEIEIII D EEG, ori CG; | 
or 1: CA1 BH . run tho | 
the line D E, while the ſhip B runs through 1 
and both ſhall come at the 1 time * the 
point E. | 


4. It is plain enough, that in practice the « ſhip 
A ſhould run ſomething beyond the point D, by 
reaſon * will loſe ſome time] in tack ng. 


PaoP, 


1 
PR Or. XXV. 
Remarks upon giving Chace; | 


421 5 1. If the diſtance A B between the 
Fig. 50. courſes of the two ſhips is ſmall, it 
52 will be beſt for the ſhip A.to hold on 
her courſe, till in tacking ſhe can cut the other, 


2. If the diſtance A B is very great, the ſhip A 
ought not to ſtand ſo far on one tack, as in chang, 
ing her board to expect to cut the 1 B, le 
ſhe ſhould run too far, and ſo the ſhip B eſcape, 
either by being favoured by the wind, or imper- 


celveably making ſume alteration in her courſe, | 


2. Neither ought a ſhip to tack, every timo 
ſhe ſhall ſee the ip ſhe chaſes about z by reaſon 
of the time ſhe will thereby loſe, | 


4. I think jt may be laid down for a general 
rule, aluays to tack upon the veſſel in chat: 
that is to ſay, that the ſhip A ought not to tack, 
till the ſhip B; is fia d in her courſe after racking, 
by which means ſhe will never be diſtanc'd from 
the ſhip in chace; and if the wind does not ſhift, 
will probably fetch her upon the ſecond tack ; or 
if the wind does ſhift, if to her advantage, ſhe 
will be ready to _y the benefit of itz or if on 
the contrary, ſhe will be the readier to recover the 
diſadvantage, = 3 


5, In regard to the ſhip that is chaced, ſhe 
„lber 1. To make the beſt of the inadvertencies 
of her adverſary; ſhe ſhould often change her 


courſe, 


[19] 
courſe, and keep to that ſhe finds moſt to her 
advantage z that is to ſay, that which diſtances 
her moſt from her enemy i 2. Not to be too ſolici- 
tous to keep cloſe upon the wind, if ſhe ſails 
better with a large wind; for as the wind often 
changes during a chace, ſhe' may poſſibly find 
herſelf to leeward, by kee * wind too cloſe, 
. Above all things avoid keeping up to the 
wind, when you are very much to leeward of your 
enemy; on the contrary, po a little more large 
away than he, unleſs he ſteers directly down upon 
you, for in that caſe you mult ply to windward, 


PROP AXVL © 
Of bearding a Ship. 


1. If the veſſel you would lay aboard be nt 
anchor, you may anchor on his buoy, and veer 
my your cable till you fall aboard him; but then 
— e may cut away, and ſo you may loſe your 
Abour. | | 


2, Neither would I adviſe the furling your ſails 
In falling aboard him z_ becauſe it will be eaſy for 
him to Keep you off with his boombs and boats, 


3. This way then I would prefer, Firſt, I 
would get my ſprit-ſail yard fore and aft, then 
with my top ſails a trip, I would lay him aboard. 
on the bow. In this manner I ſhould have more 
time and means to grapple him faſt, 


4. If the ſhip you would board is under ſail, 
and keeps her wind, it would be beſt then woo, 
to board her on the bow, but it muſt be to wind: 


ward, 


— 


[ 138 ] 
ward, elſe ſhe may eaſily avoid you, by keeping 
her wind cloſe: If in the inſtant you lay her 
aboard, ſhe wares from you, you muſt ware after MW 5! 
her, or ſhe will ſhoot a head of you, which if if 
you cannot avoid, be ſure you keep the weather. MW "* 
gage of her, for the next opportunity of boarding, 


5. If the ſhip you would board, goes befor bat 


the wind, and you can out ſail her, range up 5 
along her ſide, before you ſheer aboard her. me 

6. When your Ship is under ſail, you may eaſily I * tl 
avoid being boarded. For 1. If the enemy od * 
board you on your bow to windward, you may R 


ware ſhort round; and if the enemy wares toy, 
you may take luff for luff, which will infallibly 5 
put her to leeward of you; if the enemy keeps 5 
the wind, wait till ſhe has paſt you a fern, and R 
then tack again to the wind upon the ſame board G 
ou were before, which will entirely prevent hü |, 
oarding you. 2. If he would board you oil 4, 1; 
your bow to leeward, keep as cloſe as poſſible to the 
the wind, ſo ſhall the wind of your ſhip ſupport I but 
you, and becalm him, which will conſequently ou 
make him fall to leeward, and a ſtern. 3. If you ſy 


enemy would board you on the poop, it will be 5 

eaſy to avoid it, by giving your ſhip ever ſo ſmall Ml ſhe 

a ſheer the contrary way. _ . dug 
as 1 


7. If two ſhips friends, come with a large ſhe 
wind one againſt the other, they may avoid run - 
ning foul, if the one falls off ever ſo little, while 1 
the other keeps her wind; but if one is cloſe the 


upon a wind, the other ought to fall off, becauſe i the 
a ſhip cloſe haled is nat always ſo ready to ware. boat 


8. If 


3 


8. If a ſhip is coming a thwart you a head, 
ou may avoid it, by laying all your ſails aback, 
if you are to leeward, but if you are to wind- 
ward, ſhe ought to ware ſhort. = 


TRE 


9. If in failing on a wind in a line of 
battle, the ſhip A a-head be taken at Fig. 51, 
ſtays, ſhe will be in danger of fallin 
aboard the ſhip B which follows; in this caſe the 
ſhip B muſt not put to ſtays for fear of falling on 
a third, and unleſs ſhe wares a great deal, o as 
torun out of her line, ſhe will only bear up into- 
the other's way, by the line BD; ſhe ſhould there- 
fore luff up, even to touching into the wind, from 
whence theſe two things will follow, r. The ſhip 
B will lefſen her way. 2. She will get out of the 
5 in which the ſhip A falls, by keeping the line 


10. If the ſhip A being at anchor, Shy 

is like to be run aboard by the ſhip B, Fig. 52. 
the ſhip B ought to ware ſhort round; | 
but if they are obſtinate and will not, the ſhip A 
ought immediately to veer away her cable If the 
BY coming on the ſhip A, be cloſe on her wind 
as C, ſhe ought ſpeedily to lay all aback, unleſs 
ſhe is ſo much to windward as D, for then ſhe 
ought to keep as much of her wind as poſſible, ſo 
as not to ſhake all her ſails, leſt in laying aback 


The drive foul of the ship A. 


rr. If in a calm the current throws 
the ship B upon the ship A at anchor, Fig. 53: 
the ship B muſt be tow'd a ftern with 


boats; unleſs ſhe be ſo far advanc'd a thwart her, 
that it would be eaſier to tow her clear a head. £ 
| 12. 
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Fig. 55. current CD throws her upon the ſhip Hd 


| out your boats to ſound a head, and at the ſame 
when you think you have a good birth for anchor. 


all about; you may then if you find the place 
convenient, anchor, but not moor, till you have 
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- 112. If the ſhip A at anchor, drives ung 
Fig. 54. upon the ſhip B likewiſe at anchor, I gf 
they muſt both veer, out cable, for it I, 


is the only means to 2 him up that drives; it dow 
will be alſo proper for him to carry out another 
anchor, | a | 
; I h runn 

13. If the ſhip A drives, and the Nac 


B at anchor, where the channel is of a 


{ſufficient breadth, the ſhip A mult veer out cable, 


and back her mizen-top-ſail, to make her fall 


towards E, till her anchor takes, or ſhe falls be. 


yond the — B. In this caſe, as the cables will 
probably croſs each other, one muſt cut, or veer 
2t quite out, with a buoy at the end, 


14. There may be many other circumſtances 
with relation' to the boarding of ſhips, which 
might perhaps require particular rules; however, 
theſe laid down, will ſufficiently lead to whatever 
elſe may occur in practice. „„ 
o 

Of running into Laud. 


1. If you are obliged to run in upon an ur- 
known coaſt, make as little ſail as poſſible, ſending 


time keep -the lead going on both fides aboard ; 


ing, brace too to give time for the boats to ſound 


: better 


ye ver, 
itever 


CL x42 ] 


, founding all around, and ſet- 
ting the neighbouring capes, to know if you have 
Laſtly, it you have time, make 


with the place, an 


better examined it 


ly acquainte 
down a plan thereof. 


2. If you are acquainted with the land you are 
running into, ſet the head - lands you know, to find 
the exact point where you are, then running in 
with ſmall ſail, obſerve the 
kad you to good anchorage. 


par. XXVII. 
; 75 bring a Ship to an Anchor. 


1, In fine weather, drawing near your anchori 
place, get your anchor clear, and your buoy rea 
to ſtream, alſo, take a range with the cable about 
the bits, in proportion to the depth of water you 
are to anchor in; at the ſame time furl your main- 
{ail, hale up your fore-ſail, and lower a little your 
top-ſail yards. Laſtly, when you are come to your 


proper marks which 


MWechoring-place, hale out the mizen to bring up the 


n un- 
nding 
ſame 
oard ; 
ichor- 
ſound 

lack 


hade 
better 


ſhip to the wind, then clewing up one of the top- 
fails, brace too the other to ſtop her way, which 
when ſhe has wholly loſt, and begins to fall, let go 
your anchor, and veer away the cable till your 
anchor is a ground. Which if you have any wind, 

and the ſhip will fall, keep 
have as much out as you think proper; if the 
ot eaſily fall a ſtern, you may help 
the mizen-top-ſail aback. | 


J%. 


ill veering 


2. If there be any currents againſt the courſe, 
ou muſt nat hale up all your fails till at the Place 


. 
of anchorape, otherwiſe the curtents will fon Ml cab 
carry the ſhip away again. NEE 

; You may alſo In falr weather, come to an 
anchor with all your ſails abroad; laying all aback 
to (top the ſhip's way the moment betore you come 
to. But this is not ſo convenient, unleſs you have x 
great many hands to furl all at ohee, 


4. In bad weather, it le moſt proper to com 
to with the fore-ſail mw by bracing which 
aback, you may ſtop the ſhip's way, a, In fuch 

caſe, take two turns with your cable about the 

bits, 3. Let go the weather anchor, leſt the veſſel 
in ung ſhould rub the cable againſt her cut 
water, 4. Veer away a great ſeope of cable to rde 


her, LOS ; 
PRAOSY. XXIX. 
2 Moor. 


1. In places where the tides: are commonly 
ſtronger than the winds, you moor according to 
the Tet of the tides; that is to ſay, if the tides 
ſet eaſt and weſt, your anchors ought to lie eaſt 
and weſt. VVV 


2. Ships generally moor with a large anchor 
and a leſs, commonly the ſmall bower ; giving the 
greater {cope of cable to the beſt anchor; which 

is always laid where the moſt danger is expected. 


3. In 2 where the tides nes yery ſmall, and 
the winds generally ſtrong, -you ſhould moor in a 
line perpendic cular to the wind, that ſb both * 
* cables 


[163] 


cables may bear alike z which cannot be done ina 
tide, where there ure two motions entirely 
oppoſite, | | | 

4. Moſt commonly the anchor you moor with, is 
carried out with the boat, and ſ6 drop'd as to 
anſwer right with the larger anchor a head; but 
if it be neceſſary, by reaſon of. bad weather, to 
moor with too large anchors, after having let go 
our firſt, earry out a ſmall anchor in your boar, 

mething farther than you defign to let drop the 
ſecond) and heave your ſhip by the fald fall 
anchor, till you come to the proper place to let go 
the ſecond, In this caſe there ſhould be but a 
{mall range ot cable allowed to the ſecond anchor 
leſt falling all at once to the ; It ſhould 
break or bend; but bitting It ſhort, pay out the 


cable gently, as you recover that of tho firſt 


anchor, 


5, In fair weather, coming to an anchor, you 
may moor in this manner : Hale up your courſes, 
and take in the main-top-ſail, then letting go 
your anchor . without bitting it, and with a 
range, pay out the — faſt, and ſhoot your 
ſhip over with the fore · top- fail, till you are her 
you would. let go the other anchor, which do 
with the former precautions; after which as before, 
_ in the cable of the firſt anchor, as you veer 
out this. 45 | 


6 Where you have Arong tides; tis very eaſy 


to moor; by veering away your cable upon the 
ſtrength of the tide, till it is proper to let go the 
other anchor; then.in heaving in the firſt cable, 
you veer away the ſecond, 1 
1 R E- 


i 


7 
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1. The reaſons of ſeveral of the rules aboyy 
+ glven are omitted, becauſe they are ſelf-evident, 


a. Many things too I have let paſb, that | 
might not run this Trag Into too great 4 th 
beiides, that for the moſt part, theſe things which 
are omitted, are ſuch as will be eafily learn'd in 
practice, tho! very difficult to be explaind, 


J. 'Thoſb operations which depend more Im. 
mediately on Mechanicks may ſerve as corollaria 
to the Tract upon that ſubj ' 


i Before we proceed to the Explanation of Term 
uſed in this Work, I muſt defire the Reader to ob- 
ſerve what was fuld in prop. 4. that the head- 
| fails hinder a ſhip from yawing, is not to be un- 
derſtood, as if you were to increaſe the head-ſails; 
that ſhe might yaw leſs; it being certain, a ship 
fetches the greater ſheers, the greater way ſhe has 
thro' the water: . It is therefore only meant, that 
the head ſails correct the yaws a ship will neceſſa. 
rily take in a ſea; ſo that if a ship were thruſt 
forward in a certain velocity by her after-ſails, ſhe 
would ſheer more, than if thruſt on with the 
ſame velocity by her head- ails only. 80 alſo in 
4. of the ſame propoſition, when it is ſaid the 
head- ſails bring a ſhip-to, it is to be underſtood 
as there = ny for the head-fails being aback, 
flat her off from the wind, 
| 5 „ GSM ors gon 
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F e DT 
e SHI 


4 AtrnAnzTiCAL 


OF SUCH 


NAVAL TERMS 


ccur in the foregoing TRACTS; ; or 


Explanation of others, 


ards the ſtern, 


Marcard, the hinder _ of the ſhip. 


W "37." <a. Ad 6 * 
R R 1 N 
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XPLANATION 


e 15 


are occaſionally uſed in this, for the K 


A een 

F T, of ah BAFT; Wy term 
e to diſtinguiſh AA. "things done, 
| A al or plac'd from- wurds the ſtem or fore 
part of a ſhip, towards the ſtern, or 

— bind. part: As when they ſay, come 


ot 90 that is go towards the ſtern, 
ul the ſheet aft + The maſt hangs 4? that lo, 


ALT I. 


: 


Tas): 


ALTITUDE of the fun, or a lar, Heigl , * 
above the horizon, | he 


7 

ANCHOR, is a maſſive iron, which being Wl 
caſt into the ſea or river, by ſtieking faſt in e.,“ 
ground, prevents a ſhip's being carried aw.y with that 
the wind or current, It conſiſts of a ſhink ot the 
beam, with flooks at one end to onter the ground, 7 
and a ſtock of wood at the other, ſerving t 8 
guide the flooks; it has alſo a ring, by whic X 
it is faſtened to the cable, 4 
There are ſeveral ſorts of anchors, diſlering wh 
only in weight, which is according to the burdet : 7 
of the ſhip, 9 | $ 
Sheet-aiichor, is the greateſt of all that belong t 


. 
to a ſhip, and is never uſed but in great my ws 


as being their utmolt refuge, when forc'd ton 
on a lee-ſhore - 
Bow anchor, firſt and ſecond borer, or beſt an 


up an 
dropt 


ſinall bower, are ſuch as the Mhip in fair weath,, 
may ride by, hs 
ked e. anchor, or keager, uſed in calm weather "IN 
in a low ſtream, or to kedge up and down 
narrow river, leſt the wind or tide ſhould drir 
the ſhip aſhore, See KRDOING. . 5 
Grapples, or Graplirgs ; are the ſmalleſt of a 0 68 
the anchors; they have four flooks, but no {toc * a 
Their uſe is ſor a boat to ride by; or to thro © © 
into an enemy's ſhip in a cloſe engagement, i © n 
eatch hold of the gratings, rails, Co. in orderk rk 
boarding her, 5 bs go 
To ride at anchor, is ſaid of a ſhip which nds f 
held faſt by her archers, ſo as not to be dri 


with either wind or tide, neaſur 


7 L 147 ] 
o caſt or- rop anchor, is to let it fall, to {to 
igt Rk of the ſhip. : 
To -veigh anchor, is to get it up, in order to ſet 
f ſul, | | 
"ing - 7 ſooo an anchor, is to put boards fitted for 
n the nat purpoſe, on the flook, that the anchor may 


with the better hold in ſbft ground, 
nk ol he anchor is ford 3 that is, the cable is hitch'd 
* * the flook, by the turning about of the 
5 08 ſhip, | | 


hei The anchor is come homo, is ſuld when it does 
not hold the ſhip, but that ſhe drives away by 
the violence of the wind or tide, | | 
Tho anchor is a-peek ; that is, the anchor is 
right under the hawſe (or hole) through which 


ring 
urdel 


1 the cable belonging to that anchor runs out, 
10 Fe anchor 1S coch bed! . that is, hangs right 
0 agg up and down by the fide of the ſhip, ready to be 


dropt. 
Putting of the anchor, are. thoſe ropes which 
are wound round the ring, to ſave the clinch of 


the cable from being gaul'd by the iron, 
B 


oſt anc 


eathe 


eather 
lown 


{ dr | 
t of ul BE AK, or Peak Vent; is that ornamental 
ock projection at the head of a ſhip, ſupported by 


the cut-water, 
thro! age 
Cent, | 


dork BEAM, The beams are thoſe great croſs 


timbers, which keep the ſhip's ſides aſunder, and 
upport the decks, "The Main- beam or midſhip- 
"e122, or, as it is called by way of eminence, The 
cam, is that next the main-maſt, and is the 
neaſure of the ſhip's breadth, 


Hs BEAR; 


hich! 


« drive 
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BEARy a word us'd at fea In varioy 


/ 

ſenſes, as in the following inſtances 1 the 
Wear fie; that in, let the ſhip fall more befurg q 
the wi nd, | | | li] 
Pear ti round 4 that is, put her right beſos | 
the wind, s 8 nent 
Den in avith the land or harbor 4 that is, the fide 
ship fails towards the ſhoar or harbour, with the il 7 
wind large or before it. the 
Years iff; that is, keeps from the land, juto 

1 he ſip bears a geo ſail ; that is, having al 7 


her ſails abroad in a gale of wind, ſails upright one 


in the water, | U 
40% bring the guns to bear ; that is, to lie right vanc 
with the mark. | | 7 
| 8 Whic 

BEARING ; the point of the compals 7 
that one place bears from another. a fig 


To BELA Y, is to make faſt a rope in is B( 
proper place. I | 


| BIRTH, is a convenient place to moor a ſhip is bcc 
in; as alſo a due diſtance obſerved between jhipsM they 


lying at anchor, or under fail. By 
| | 5 | h us, W 

BITT'S, are two main pieces of timber ſtand make 

ing pillar-wiſe abaft the manger, in the loot of 

the ſhip, with a croſs-piece for belaying the cab B 0 
when the ſhip rides at anchor. In great ſtorms ti begin: 
{trengthen the bitts, and ſecure the bows, the ſtem, 
cable is faſtned to the main maſt. caltle, 


BOARD, is a word variouſly uſed at ſea; 
| 7 


as, 


L 


oke 
or 
the 
1 the 


2 all 
right 


right 
npals 
in its 


ſhip 
ſhips 


land. 
of of 
cable 
ms t0 


the 


ſea} 


N 
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7 "$0 aboard; ſignifies to go into the Nip, 
4 heave over board z is to throw a thing out of 
the ſlulp Inte the ſea, 

7⁰ We by the beard 4 is to flip down by the 
{lil 's do. | | 

Yard ani board ; I's when two ſhips come ſo 
ner as to touch one another; or when they lie 
ide by fide, . | 

Jo make a board; is to turn to windward ; and 
the longer your boards are, the more you work ( 
juto the wind. 55 | 

To board it tif, is to beat it up ſometimes upon 
one tack, and ſometimes upon another, | 

Ne makes a good board ; that is, the ſhip ad- 
vances much at one tack, | | 

Tie weather Loan, is that fide of the ſhip. 
which is to windward, _ 

Jo board a ſhip, is to enter an enemy's ſhip in 
a fight, 


BOOM, is a long piece of timber with which 
the clew of the ſtudding {ail is ſpread out; and 
ſometimes the clew of the main-fail and fore-ſail 
is hene out, that by ſpreading them the broader 
they may receive the more wind. „ 

Hooming; we ſay a ſhip comes coming towards 
us, 2 ſhe comes with all the fail ſhe can 
make. 1 hs | 


BOW of a 405 is that part of her, which 
begins at the loof and compaſſing ends of the 
_ and ends at the ſtern- moſt part of the fore- 

caltie, | 38 | 
Bow-line, is a rope made faſt to the leech or 
middle part of the out-ſide of the ſail yz it is 
laflned by two, three or four ropes like a crow's 
I foot, 


[ 13 
foot, to as many parts of the fall ; only the 
mien bow-line is fallned to the lower end of the 

ard this rope belongs to all ſails except the 
| prit-ſajl, and ſprit top ſail 4 therefore thoſe falls 
cannot be uſed cloſe by a wind, for want of room 
to hale the bow-line forward by, ſince the uſe of 
rhe how-line is to make the ſails ſtand ſharp, or 
cloſe by a wind. 


BRACES, are ropes belonging to all the 
yards of a ſhip, except the mizen, two to each 
yard, reev'd through blocks that are taſtned to 
pernan's ſeiz'd to the yard arms: Their uſe js 
either to ſquare, or to traverſe the yards, All 
theſe braces come aftward on, as the main-braces 
come to the poop; the main top-ſail braces to 
the mizen-top, and thence to the main ſhrowds; 
the fore and fore-top- ſail braces come down by 
the main and main-top-fail lays; and ſo of the 
reſt, But the mizen bow-line ſerves to brace to 
that yard; and the croſs-Jack braces are brought 
_ forwards to the main ſhrouds, when a ſhip fails 
cloſe by a wind, | 


BUOY, is a ſhort piece of wood, or cloſe- 
hovp'd barrel, faſtned ſo as to float directly over 
the anchor; and by that means it is alway known 
whereabout it lies, 

Stream the breys that is, let the anchor {all 

while the ſhip has way. 
Tomy up a calle, is to faſten ſorme pieces of 
wood, barrels, Cc. to the cable near the ancho!, 
that the cable may not touch the ground, In caſe 
it be * or rocky, leſt it ſliould be fretted, and 
cut off, 


© Ek 


With. 
in the 


Ho 


rope « 

1 
the f. 
may! 
water 


(3 
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name: 
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[ 192 | 
the 0 
las CABLE, is a great rope ſaſtned to the an. 


oom chor, and proportioned to It; ſerving to keep the 
e of Whip fact Whilſt ſhe rides at anchor, | 
„ Of Sore of Plat the cable; that is, bind it about 
with. ropes, clouts, Cc. to keep it from gawling 
in the hawſe, 5 
the To [plice à cable, is to make two pieces faſt 
each together, by working the ſeveral ſtrands of the 
d to rope one into another. | 
(0 is Pay more cable, that is, Iet it more out from 
Ahe ſhip, that the boat which carries the anchor 
aces may row the eaſier, the cable lying ſlack in the 
sto Ml water, EE | 
ds; Pay cheap the cable, that is, put or hend it 
by out apace. | 


Veer more cable, that is, let more of it run 
out, CE | 

A ſhot of cable; when the cable is double in 
length, to make the ſhip ride the eaſier. | 
{0 quoil a cable, is to roll it up in a ring. 

To bend, or unbend a cable, is to faſten it to, 
or looſe it from the ring of the anchor, 


wn CAPSTAN. Ships have uſually two (tho! 
both of the ſame form) diſtinguiſh'd by the 
fall WM names of the 1main-captan and the jeer capſtar z 
the ain. caßſtum is a great piece of timber in the 
of nature of a windlaſs, but ſtanding perpendicu- 
04, WM litly juſt aba't the main-maſt, Its foot (landing in 
ae WW i llep on the lower deck, and its head between the 
nd * decks, form'd Into feveral ſquares wit 
holes n them. Its uſe s to welgh the anchors 4 


ty hoj(t wp, or ſtelks 2 7 the top maſt z to heave 
: | 4. 5 


any 


1521 


any weighty thing; or to flrain any rye 
that requireth a main force, The Jeer cli ſian ig 
plac'd between the main-maſt and the tfore-maf, 
and ſerves to {train any rope, to heave upon the 
Jeer-rope, or upon the viol, or hold off by, at the 
weighing of an anchor, 

Cafſtan bars, are the bars or pieces of wood 
that are put into the caſtau holes to work the 
machine in heaving up any thing of weight into 
the ſhip, by the help of as many men as can well 
ſtand at them. | | 
Spindle of the capſian, is the main body there. 
of. „ 
Mhelps of the capſtan, are ſhort pieces of wood 
like brackets, made faſt to it to keep the cable 
from coming too nigh in _— it about, 

Parrt of the capſtan, is a | 
made faſt to the deck, cluſe to the body of the 
capſtan; but yet ſo as that it hath liberty to turn 
every way, and againſt it the whelps of the 
capſtan do ſo bear, that the capſtan may be there- 
by ſtopt from turning or reverſing, and this ſtop- 
page is term'd paroliug the * 
Man the cafſtan ; that is, have all the hand 
neceſſary to h-ave at the capſtan bars, 
Come up capſtan; or launch out the capſſau; 

that is, ſlack the cable which you heave by. 


CHASE, ſigniſies the ſhip chaſed or purſued, 


a C HASER, is the ſhip in purſuit of the 
chaſe, nn 
_—_— is when the chaſe is right a head 
of the chaſer, : 
Tolie with a ſbip's fore-foet in achaſe, is to ſill 


the 


the 


ort piece of iron 


her 
(6 
tim! 


ſhip 


mal. 


C 
Key 


nail 


bela 
piec 
fron 


0 


cloſe 
as tC 


rope 
1 15 
vaſt, 

the 
t the 


700d 
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100d 


able 
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the neareſt way to meet her, and ſo to eroſs her in 


her way, or to com 4 croſs ber fore foot. 
CHESSE-TRERS, are two ſmall pieces of 


timber with a hole in them, on each ſide of the 
ſhip, a little before her look ; their uſe is for the 
main-tack to run through, and to hale it down to. 


CLEATS; or, as ſome call them, Chevils, 
Keyels, or Knevels, are ſmall pieces of wood 


nailed to the inſide of the ſhip : Their uſe is to- 


belay the ſheets and tacks unto. Ceats are alſo 
pieces faſtned on the yard arms, to keep the ropes 
from ſlipping off the yard. | 


CLOSEHAWL'D; a ſhip is faid to be 
cloſe- hace d, when her ſails are trim'd ſharp, fo 
as to ſail as near the wind as poſſible. 


CLEW of a ſail, is the lower corner of it, 
to which are made faſt the ſheets and tacks, | 


COUNTER of 4 hip, is uſually di- 

ſtinguiſhed into upper and lower, | 
Uh per. counter, is the hollow arching from the 

gallery to the lower part ot the ſtrait piece of the 
em. „ 

Lorder. counter, is between the tranſom, and 


the lower part of the gallery. 


COURSE of 4 lp, is that point of the 
compaſs on which ſhe ſails z and is indeed the. 
angle, that the rumb-line ſteer'd upon makes with 
the meridian, . 


"W's COURSES, 


1 | 
COURSES, are the lower ſails, particu- 


larly the main-ſail and fore. ſail. Gai 
CUTWATER, is that thin projecting 
knee under the beak head, and is ſo call'd, be- 
cauſe it cuts or divides the water before it comes 
to the bow. | . 0 fin] 
| | ſhe 
IS D * 1 an 
do. 
DECK of a ſip, is a plank'd floor from wy 
ſtem to ſtern, whereon is plac'd the ordnance, 2 0 
and on which the men walk. Gredt ſhips have j 
three dechs, firſt, ſecond, and third, beginning to 1 80 
account from the lower moſt. N the 


Halſ-deck, re ches from the main maſt to the 
ſtem of the ſ}.1p, e | 

Quarter-Jck, is that aloft the ſteerage, reaching 
to the round houſe, 8 


FALL of a tackle, is that part of the rope 
which is haled upon, | TA 
Fill of ; a ſhip is ſaid to fall off, when in 
failing ſhe Keeps not ſo near the wind as ſhe 
ſhould do | | 
FATHOM a meaſure of fix foot. 
FORE and oft, that is, from ſtem to {lern, 


FRESHENS; the wind ſeven, that is W ſhip 
blos ſtronger. ; wei 


FURLE 


8 
FURT E, (bind or make up) as to furle a 


ſail, is to wrap up, and bind it cloſe to the yard, 


GA GE, a ſhip's gage, is ſo many feet as ſhe 


ſinks in the water, or ſo many feet of water as 
ſhe draws ; which ſeamen find thus: They drive 
a nail into a pike near the end, then putting it 
down by the rudder till the nail catch hold under 
it ; for then as many feet as the pike is under 
water is the ſhip's gage. 
Weather gage; when one ſhip has the wind, or 
is to windward of another, ſhe is ſaid to have 


the wwearher gage of her, 2 


To GR APPLE, is to hook faſt an enemy's 
ſhip, in order for boarding. 


G RAPLIN D. See Ancuon,. 


GRIPE ; the gripe of a ſhip, is the compaſd- 
and ſharpneſs of the (tern under water, eſpecially 
toward the lower part, The uſe thereof is to- 
make a ſhip keep a good wind, and therefore 
ſometimes when a ſhip will not keep a wind well, 
they put on another tilſe {lem to the true ſtem, 
to make her gy/pe more. 

Jo grip; we ſuy a ſhip doth gripe, when ſhe 
is apt (contrary to the direction of the helm) to 
run her head more in the wind than ſhe ſhould, 


"There may be two cauſes of this, the one when a 


ſhip is too deep a- head, ſo that by reaſon of the 
weight which preſſes down her head, ſhe js png 
to tall away from the wind; the other may be 


H 6 the 


W 
the ſtaying of the niaſts; for if ſhe be a ſhort uin 
ſhip, and draw much water, if her maſls be 1: 
ſtay'd too much aft, it will cauſe her head till to I hi; 


run into the wind, : | Bi 

KH... 

mM 4 

HAL. E, ſignifies pull; as to Yale up, is to fore 

pull up; to Vale in or out, is to pull in or out, of t 
| 5: in 

H AWS Es, are great holes in the ſhip's head 

through which the cables run, when ſhe lies at E 

anchor. | | it 07 

Bold hawſe ; that is, when the holes are high E 

above the water. the 

Freſh the hawſe, or veer out more cable; is J 


when part of the cable that lies in the haſt is anch 

fretted or chafed, and it is requiſite that more ſhe 

cable ſhould be veered out, ſo that another part 

of it may reſt in the hawſe, H 
Fresk the haTeſe ; that is, lay new pieces upon whi. 

the cable in the hawſe, to preſerve it from Ml forw 


fretting” _ | heln 
Burning in the hae ; that is, when the cable his 
endures a violent ſtreſs, | like 


Clearing the hawſe ; when two cables that come dec! 
through ſeveral Yeſes are twiſted and entangled abo; 


one with the other; the untwiſting of them is 7 
call'd clearing the hawſe, largt 


Threart the hawſe, or rides upon the hate I. 
khat is, when a ſhip lies thwart, or croſs, or with kee 
her ſtern juſt before another ſhip's hateſe, 9 


| beſo: 

HAWSER, is a great rope, or a ſort of ſmall ſhee 

cable, ſerving for various uſes aboard a ſhip ; parti- F 

cularly to watp a ſhip by as ſhe lies at anche n the! 
win 


[1] 
wind her up to it by a capſtan, Ce. Note, 
þwſers, like cables, are in proportion to the 
ſhips for whoſe uſe they are deſign d; for a great 
(1ip's hawwſer may ſerve for a cable to the ſheet. 
* of a ſmall ſhip. | 


HEAD ſails, are the ſails belonging to the 
fore maſt and bolt-ſprit ; for they govern the head 
of the ſhip, and do make it fall off; and theſe 
in quarter-winds are the chief drawing fails, 


HE AVE; that is, to throw away; as Heave 
it over board; that is, fling-it over board, | 

Heaving at the capſtam; that is, turning about 
the capſtan. 

Heave and ſet ; that is, when a ſhip being at 
anchor, riſes and falls by the force of the waves, 
ſhe is then ſaid to heave and ſer. 


HELM, or Tiller, is that piece of timber 
which is faſtned into the rudder, and ſo comes 
forward into the ſteerage, or place where he at the 
helm ſteers the ſhip, by holding the whip-ſtaff in 
his hand. Large ſhips have commonly a wheel 
like thoſe in cranes, plac'd between the quarter- 
deck and coach, which has ſeveral advantages 
above the common method. | ; 

Hear up the helm; that is, let the ſhip go more 
large before the wind. 

Helm a mi ſhip, or right the helm; that is, 
keep it even with the middle of the ſhip, | 

Hear up round; that is, let the ſhip go directly 
— the wind, in the middle, between her two 

jeets. 1 

Port the helm; that is, put the helm over to 
the left ſide of the ſhip, . 

N Nax. 


ſo that they may flat her about: And if ſhe hap- 


[ 158 ] 
Starboard the helm; that is, put it to the right 
fide of the ſhip. 5 
Eaſe the helm ; that is, let the ſhip go more 


large, or more before the wind. 
eel the helm ; a ſhip is ſaid to feel her helm 


when ſhe ſteers readily. 


HOISE, is to hale up any thing into the 
Mip; or getting up a yard, Sc. as hoſe up the 
yard ; poiſe the water in, Oc. | 


HULL of a ſpip, is the full bulk, or main 
body of a ſhip, from ſtem to ſtern, without 


either maſts, or rigging. 


To ſtrike a bull ; that is, in a ſtorm, to lie clo% 
in the ſea, or tarry for ſome conſort, bearing no 


Fil, with the helm laſhed a-lee. 


To hull, or lie a hull, or hulling; is ſaid of a 
ſhip when either in a dead calm (to prevent her 
beating the ſails againſt the maſts by rolling) or 
in a ſtorm, when ſhe cannot carry them, ſhe takes 
all her fails in; ſo that nothing but her maſts, 
yards and rigging are abroad; the helm is laſh'd 
faſt to the lee-fide of the ſhip : In this condition, 
if ſhe is a good ſailer, ſhe will lie eaſily under 
= ſea, and make her way one point before the 

eam. | 


K 


KED GING, is when a ſhip is brought up 


or down in a narrow river, the wind being con- 
trary to the tide, and yet ſhe is to go with the 
tide : They ſet the fore-ſail, fore-top-ſail and 
mizen-ſail, and let the ſhip drive with the tide, 


pen 


en 
{mall 
hawſ 
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[ 159 J | 
en to come too near the ſhoar, then having a 
imall anchor in the head of the boat, with a ſmall 
hawſer faſtned to it from the ſhip, they let it 
drop in the middle of the ſtream ; and this will 
Ed, or turn her head about; when ſhe is come 
fully about, they heave up the anchor again. 
This ſort of working is called to keage, or æeaging; 
and the anchor thus uſed is called a keager. 


KEEL, is the firſt or loweſt piece of timber 
ina ſhip ; it lies in the very bottom of her hull, 
one end whereof is at the ſtern, the other at the 
ſtem ; and into this, are all the ground timbers 
and hooks faſten'd and bolted fore and aft. | 

Falſe keel, is a keel put on under the firſt, in 
caſe tne ſhip be ſhallow, and ſo over-floaty, and 
roll too much, 1 


L 
L ARBO AR P, is the left hand fide of the 


ſhip, when you ſtand with your face towards the 
head. | | 


LARGE; à ſhip goes large, that is, ſhe 
goes neither before the wind nor upon the wind; 
bu“, as it were, quarteriug between both, with a 
fre'h gale, and all fails drawing. 

Jo fail with a Jarge Wind, that is, with a 
fair wind. | 


LEE, This word is variouſly uſed ; but 
generally ſignifies the part oppoſite to the wind; 
as the lee ſboar is the ſhoar againſt which the 
Wind blows z but to be under the Je of the — 

| | | 3 


[16] 
is to be cloſe under the weather ſhoar, that is, the 
| ſhoar whence the wind doth come. 

Lee-hatch : Have a care of the lee. Hatch; that 
| js, take care the ſhip does not go to the leeward 
of her courſe. Ea 

A-lee the helm; that is, put the helm to the 
leeward fide of the ſhip.* 

To lie by thelee ; or to come up by the lee; is to 
bring the ſhip ſo, that all her ſails may lie flat 
againſt her maſts and ſhrowds, and that the wind 
may come right upon her broad-ſide. 


IL OG, is a little piece of wood of a trianoular 
form, with as much lead in one end thereof, as 
will ſerve to make it ſwim upright in the water, 
at the other end it is made faſt to the g- line. 

Log line, is a ſmall line, having the /og faſtned 
to one end; and is wound upon a reel. The 1g. 
line for about 10 fathom in ſmall ſhips, or more 
in great ones from the Jg, has or ought to have 

no knots or diviſions, becauſe ſo much ſhould be 
allowed, that the Us may. be out of the eddy of 
the ſhip's wake, before the glaſs be turned up: 
Then the knots begin and ought to be at leaſt 50 
feet aſunder ; though the common practice at ſe: 
is to have them but 5 fathoms, or 42 feet diſtance, 
The uſe of the 7% and Jie, is to make an 
eſtimate of the ſhip's way, or diſtance run, by 
heaving it every hour, or every two hours, 

To heave the log, is firſt to throw it into the 
water,and let it run away ſv far, as to be out of the 
eddy of the ſhip's wake; then one having a hall. 
minute glaſs ready in his hand, turns it up jult 
when the firſt knot runs off the reel yz and {6 


the line running eaſily off as the ſhip moves, 
When the glaſs is out, ko cries ſtop, and the * 
| | Lope 


minu 
is the 
120t! 


[161] | 
ſlops the reel: Then counting the knots run out 
with the odd fathoms or feet (if any) they reckon, 
for as many knots as run out in half a minute of 
time, ſo many miles the ſhip ſails in an hour; and 
for every 5 odd feet, a tenth. part of a mile more. 
Thus three knots in half a minute, is three miles 
an hour; and four knots 2 5 feet in half a minute, 
is four miles and a half an hour. 5 

The common diviſion of the Jg. line, is ground- 
ed upon this ſuppoſition; that a mile contains 
5020 feet, and 60 of ſuch miles a degree; whence 
a degree would contain 300000 feet. Now half 
a minute being the 120th part of an hour, 
and the 120th part of 5000 feet, being 41,6, 
Sc. or near 42 feet, therefore as many times 
4: feet as the ſhip runs in half a minute, ſo many 
miles ſhe goes in an hour. So that according to 
this ſuppoſition, 42 feet muſt be the diſtance 
between the knots upon the /og-/ine, But this 
ſuppoſition, and conſequently the practice from 
it, is certainly erroneous z for a degree is now 
found to contain 460000 feet at leaſt; therefore a 
minute or a mile muſt contain 6coo feet (which 
is the true ſea mile) and ſince half a minute is the 
1:0th part of an hour, the roth part of 6000 
feet is 50 feet, conſequently as many times zo feet 
as the ſhip runs in half a minute, ſo many miles 
ſhe makes in an hour (ſuppoſing her to hold her 
pre) therefore the diſtance between knot and 

not ſhould be zo feet, 


LOOF, or Lonuf of a ſhip, s that part of her 
alott, which lies Ms before the cheſle-trees, 
Loof'or Leit, is alſo a word uſed in conding a 


> As, . | TY, 
n keep your Inf}, that is, keep the ſhip near 
tle Wind, Luff 


E 


Tuff up, that is, keep nearer the wind. 
To uff into a harbour; is to fail into it cloſe 


by the wind. 


To ſpring the Inf, is when a ſhip that before 
was going large before the wind, is brought cloſe 
by the wind. 1 „ | 

Loxodromichꝶ- line, is the line of the ſhip's way, 
when ſhe ſails upon a rhumb oblique to the me- 
—_—_ 


LY E mnuder the ſea ; is ſaid of a ſhip when 
her helm is laſh'd faſt a-lee, and ſhe lies ſo a-hull, 
that the ſea breaks upon her bow, or broad ſide, 


M 


MOOR ; to moor a ſhip, is to lay out her 
anchors ſo as is moſt convenient for her ſafe and 


ſecure riding. A ſhip is not ſaid to be #2007's, 
unleſs ſhe has at leaſt two anchors out. 


P | 
POINT of the compaſs, is the zad part of 
the circumference of the circle on the card, ot 
11 degrees 15 minutes; therefore _ a point is 
5 degrees 3) minutes; Er Point Js 2 degrees 
48 minutes, 


POOPof a ſbip, is the higheſt or uppet- 
moſt part of her fi a ſtern, To r 
PORT, or fort the helme, is u word of com- 


mand to him at the helm, to put It to larboarch, 
Which will make the ſhip go to ſtarboard 


The ſtip heels a port, that Is, leans to the left, 
Peyts, are thoſe holes in a ſhip's fide, through 
which the great guns are put outs 
c QUAR 
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QUARTER of 4 hip, is that part of the 


ſhip's hull which lies from the ſteerage-room to 
the tranſom. 1 


UART ERIN G; he ſhip goes quarter- 
ine, that is, ſhe goes upon a quarter-wind ; or 
ſhe goes neither by a wind, 1 the wind, 
but betwixt both. | 

Quarter. ind, is when the wind comes in abaft 
the main- maſt ſhrowds, even with the quarter. 


R 


RAK E ef a ſoip, is ſo much of her hull as 
hangs over both ends of her keel, 

Fire-yake, or rake-forward is that part of it 
which is before, and is uſually more than a third, 
but leſs than half the length of the keel, A long 
ee forward gives the ſhip a good way; but 
then if ſhe has not a full bow, it will make her 
"pt to pitch much a head into the ſea ; beſides, 
la eat charge and ſtreſs to a ſhip ; becauſe ſhe 
hungs over ſo a head, But when a ſhip has a 
(ul rake forward, ſhe becomes {© blufheaded, 
that rhe ſea beating continually upon her bow, ſhe 
cannot cut the water ſo readily as ſhe ought, and 
1 will make but ſmall way. 
| Rake aft or ru afteeard, Is that part which 
at the ſetting on of the ſtern-poſt, and is gene- 
Wy about a fourth or a fifth part of her fore- 
Mt P, = 
Rake of the rudder, is the aft-moſt part of the 


fudder. 


RE EVE, 


1 
RE EVE; is to draw a rope through a block 


to run up and down. 


RIDE; a ſhip is faid to ride, when her 
anchors hold her 2 ſa that ſhe drives not by 
the force of the wind or tide. And a ſhip is ſaid to 

Ride cell, when ſhe is built ſo, that ſhe does 
not over-beat her-ſelf into a head-ſea, ſo that the 
waves do not over-rake her, that is, over-waſh 
her from ſtem to ſtern. | 

Ride a-thwart, is to ride with her fide to the 
tide; and then ſhe never ſtrains her cable. 
Ride betwixt wind aud tide, is to ride ſo that 
the wind has equal force over her one way, and 
the tide the other ; which makes a =P roll and 
tumble very much, yet not {train her cables much, 

Ride hawsful, or to ride a 070 z that is, wheu 
in a ſtreſs of weather, the ſhi alls deep into the 
ſea with her head, ſo that the water runs in at 
her hawſes, 5 


ROAD, is any place near the land, where 
ſhips may ride at anchor, . | 


RUDDER of a ſip, is a piece of timber 
which hangs at the ſtern-poſt, having four, five, 
or fix irons, call'd Pintles, according to the biy: 
neſs of the ſhip, which pintles are fitted to the 
gudgins at the ſtern-poſt : this der is, as it 
were, the bridle which governs the ſhip ; the 
narrower the uu r the better, if the ſhip do feel 
it, for a broad rudder, as it holds much water, 
too much ſtops a ſhip's way, when put over to 
either ſide; bue if the ſhip have a fat 2 
ſo that the water cannot come quick and ſtrong 
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to the rudder, then ſhe will require a broad 
rudder, The putting to of the rudder, is term'd 
the hanging of the rudter. The part or edge 
next the ſtern- poſt, is call d 2e inſide of the rudder ; 
the attermolſt part, is call'd he rake of the rudder. 

T he rudder rope, is a rope reev'd thro' a hole 
in the rudder near the head, and likewiſe through 
the {tern poſt, both ends being ſplic'd together. 
Its uſe is, to fave the rudder, if by any accident 
it chance to be unhung. ; | 


RUM B, Rhumnb, or courſe of a ſhip, is the 
angle which ſhe makes in her failing with the 
meridian of the place where ſhe is. See Covanss. 

Coimplement: of the rumb, is the angle made by 
the line of the ſhip's way, with any parallel to the 
equator, 3 5 

Rumb ſignifies alſo one point of the mariners 
compaſs, or the 32d part of the card, or horizon, 
that is, 11 degrees 15 minutes. | 

Rumb-line, is the line that is deſcrib'd by the 
ſhip's motion, on the ſurface of the ſea, teer'd by 
the compaſs, making equal angles with -every 
meridian, Theſe umb. lines are heliſpherical, or 
ſpiral lines, proceding from the point ſet out from, 
winding about the globe of the earth, and after 
Infinite revolutions come the pole, where they 
end, See T.oOXODROMICK-LINE, | 

In plain and Mercator's ſailing, theſe rumb-lines 
are repreſented by ſtrait lines. Their uſe is, to 
ſhew the bearing of any two places one from an- 
other; that is, upon what point of the compaſs 
any place lies from another, 


RUN of a ſbip, is that part of her hull under 


Water, which comes narrower by degrees from the 


fAloor- 


{266 1] 
floor-timbers to the ſtern-poſt, This is alſo calla Ml 5 
the ſpip's way a. ward; and according to the Ml pass 
ſhip's xyun, ſhe ſteers well or ill, by reaſon of the Ml call' 
eaſineſs or difficulty of the water's paſſage to the 
rudder, It too ſhort, and too full below, the 8 
water comes but {lowly to the rudder, becauſe 7 
the force of it is broke by her breadth, This is not 
ſometimes remedied by putting on a falſe {tern Nor © 
poſt, tho? it is better to lengthen her. Le. 

Gcod-run ; a ſhip is ſaid to have a good run, Ver 
when ſhe comes off handſomly by degrees, and 
her tuck not lying too low. 8 

Bad rum, when the tuck of a ſhip lies too 
low, it hinders the paſſage of the water to the 
rudder, and therefore ſhe cannot ſteer well, nor 
keep a good wind, nor make any good way thro! 


the ſea ; but will be {till falling to leeward. - 

| | whic 

1 quar. 

| | Oh 
SEEL,. ſignifies much the ſame as Þcel ; for as anc 

it is called Heling, when a ſhip lies down con- 70 
ſtantly or ſteadily on one ſide; ſo it is called the \ 
feeling, when ſhe tumbles on one fide violently . 7o 
and ſuddenly, by reaſon of the ſea's forſikingI fall o 
her, that is, the waves leaving her for a time in Et 
a rolling ſea, + out p 
Lee ſeel ; that is, when the ſhip tumbles to Le 
 bee-ward, In this, even in a ſtorm, there is not ander 
much danger, for the ſea will preſently right her King 
up again: But in caſe a ſhip ſee/s, or rolls to a 
wing-ward, then there is fear of her coming ovet the m 
too ſhort or ſuddenly, and fo in danger of being, e 


foundered, by the ſea's breaking right into her; fees 
or at leaſt having ſome of her upper - Works carrie cloſe t 
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SET ; to obſerve on what point of the com- 


aſs the ſun, a ſhip, or any head-land bears, is 


call'd ſetting the ſun, land, c. 
SHEER; that is, to ſwing too and again. 
The ſvip (peers ; that is, goes in and out, and 

not right forward, either by not ſteering ſteadily, 

or by means of the ſwife running of the tide, 

Se. In ſuch caſe, they ſay, ſhe ſheers, or goes 


ſheering. 


8 HE A T8, are ropes bent to the clew of the 
fails; ſerving in the lower ſails, to hale aft, or 
round off the clew of the fails; but in top-ſails, 


their uſe is to hale home, that is, to bring the 


clew of the ſail cloſe to the yard arm. 

Sranaing par! of the ſheat, is that part of it 
which is made faſt to the ring of the ſhip's 
uarter. | PRs | 

Over hale the ſbeat; that is, hale upon the 
ſtanding part of the ſheat, _ en 

To hale aft the main ſheats, is in order to make 
the ſhip keep by a wind, 

To Hale aff the fore ſheats, is that the ſhip may 
fall off from the wind, <7, 

Faſe the ſheat z that is, veer it, or let it go 
out gently, | 1 | - 

Let fly the ſheat z that is, let it go all at once, 
and run out as faſt as it can; then the fail will 
hang looſe, and hold no wind. 

Faliy the ſpeats; that is, hale aft the ſheats of 
the main and fore ſail. 
hogs A ſhip is ſaid to ſail with flown 

en her ſails are not haled home, or 
cloſe to the blocks, 


The 


[ 168 J 
The ſheats are flown ;' that is, they are let looſe, Nit a 
or to run as far as they will, | . 
Falſe ſheat, is a rope bent to the clews of the & 
main and fore-ſail, above the ſheat block, to ſpoor 
ſuccour and eaſe the ſheat in a violent guſt of Mher n 
» Find. . 5 under 


To S HIV E Rü or Shake a fail, is to bring Neger 
the yard in a line with the wind. 


SHOT of a cable, is the ſplicing of two hip, 
cables together, that a ſhip may ride ſafe in deep Ml. 
waters and great roads: For a ſhip will ride eaficr &, 
by one ſhot of a cable, than by three ſhort cables Nondin 
out a head, OD 5 


To SOUND, or ſornding, is to try the 
depth of water by a line and plummet, call'd a 
Sorning-line z that is, a line by which ſeamen 
find where the ſhip may ſail by the depth of the 
water, It is generally about 20 fathom in length, 
and mark'd at two fathom next the lead, with a 
iece of black leather; at three fathom the like, 


Wee, 


ut ſlit z at five fathom with a piece of white Nerat he- 
cloth; at ſeven fathom with a piece of red, Cc. one te 
with ſme ſuch diſtinction all along. This line hi fla. 
may be uſed when the ſhip is under fall; which Ne cut, 
cannot be done {6 well with the deep ſea-liue, in ehen 
uſing of which the ſhip is uſually brought upon hut t! 
the back-ſtays, | | the 

. ot 
 SPOOQMING, or SPooning z when a ſhip er 
being under ſkill in a ſtorm at fea cannot bear it, Wefyre u 
but is forc'd to put right before the wind, without Mick way 
any ſail 4 then they ſay, the ſhip ſpooms i 80 that it the 
ene 


1 

„e, Mit a ſhip will neither 27, nor Hull, then they 

Ioan; that is, py her right before the wind, 

the WM Spooming with the fore-farl ; that is, when in 

to ſpooming there is danger that the =y may brin 

of ler maſts by the board with her rolling, or fell 
under water, and ſo founder; then it is uſual to 
ſet up the fore ſail, to make her go the ſteadier, 

ing Neſpecially if there be ſea-· room enough, = 


S TARBO ARP, is che right fide of the 
two nip, or the right hand; as larboard-ſide is the 


4 


elt. 55 
Starboard the helm, or helm a ſtarboard, in 


ide of the ſhip, or to put the helm a-ſtarboard, 
tb make the ſhip go to the larboard; for the ſhip 
always ſails contrary to the helm. 


STAYING «# ſhip, or to bring a ſbip upon 
le Hays, is in order 2 her tacking; al 4 Go 


us, | | | | 
At the ſame time, bear rp the helm, let fly the 


th a 

ike, {ire-ſveat, let go the fore-bowline, brace the 
bl eat her. brace of the r The ſame is alſo 
ge 0 


be to the rop=ſatl and rof-gallant=ſail, on! 
heir ſeats *. be kept l If the iel 


line 
hich Ne out, then et go the /Pritsſail ſheat, with the 
„ heat, and brace the weatherprace. . 


But the tacks, ſheats, bracings, and bowlines 
t the maln-ſall, maln-top-ſall and mizen, are 
bt altered. | 

And when the wind comes in at the bow, which 
1 fure was the Jee-bow, it drives all the fails 
out Mekwards againſt the ſhrowds and maſts g ſo 
hit Wat the ſhip. makes no Way forward, but arivey 

| wit 


ending a ſhip, is to put the helm to the right 


r 
With her broad ſide. Thoſe are accounted the 
del ſhips, which will ſay with the feweſt fails, 


| 5 3 ; th 
'STEER, To ſteer a ſhip, is to guide or 
.. her courſe 55 the helm. There are three An 
kinds of direction to ſteer by, vis. "ay 
r. By any wark on the land, ſo as to keep the par 
ſhip even by it, in , 
5 By Sac compaſs z which is to ＋ the ſhip's * 
head upon ſuch a rumb, or point of the coinpaſ the 
as beſt leads to the defign'd port. RS =) 
3. To ſteer as one is bidden, or conn d; whic _ 
is the duty (in great ſhips) of him that is taking or 
his turn at the helm: And he is reckon'd th 
beſt ſteers man, that uſes the leaſt motion it 
tting the helm over to and again, and thi 
Hows the ſhip beſt from making yas, that il TT 
from running in and out. | bs 
F 0 
8ST EERA GE, is that part of the ſhi . 
next below the quarter- deck, before the bulk Tots 
head of the great cabin: "Tis here, in moſt ſhin} make 
of war, ſtands the ſteers- man, or he that guid ſhip. 
the helm or rudder of the ſhip, 44 
they 


STEM of a/01P, is that great timber, whic 
comes compatig from the keel (wherein it WM to ©; 
skarſed) up before the fore-caſtle, This fe 


| mizen 

guides the rake of the ſhip; and all the buff over.! 
ends of the planks forwards are fixed into it. Ines , 
 Falſe-ſtem, is fixed before the right one, wü are he 
chat is made too flat for the ſhip to keep . the ſa 
wind well; which defect is remedied by a Ms re br. 
ſtem, that will make her rid more way, and be 


a better ſail, 


i WY 
8. STEP » 75 ul maſt, or alen in a ſhip, 18 
t 


that ie: of timber whereon the maſt or capſtan 
orſ ſtands at bottom. 


STERN 4 ſhip, is 0 __ the outmo 
the part of a ſhip Neat 1 N edel e 
it is all the hindermoſt or aftmoft art of a ſhip. 
11 Srern-Poft, is a great timber let into the keel, at 
paß the ſtern of the ſhip, ſomewhat ſloping,, intd 
which are faſten'd the after-planks ; and on this 
polt hangs the rr by its pintles and bu 
geons. 


In 1 | | s 


TACK, is a great rope =o ohhh ws at 
one end, which feiz d into the clew of the ail, 
is reev'd 7 the cheſt · trees and then is 
brought through a hole in the trip 's fide, It 
ſerves to carr 1 the clew of Gt ſail, to 


* make it ſtand cloſe by a win Ly, the racks of a 

Gul ſhip are uſually belay'd to the bitts, or elſe there 
is a chevil or, Niger on purpoſe to. faſten, them 
they belon on to the main-ſail, fo ore-ſail, * 


mizen. en the fails are to be trimed, fo as 
to ſtand cloſe to a wind, the main, fore, an 

mizen rack are brought cloſe by the board, and 
orer-haled as forward as they. can be; the bows- 
lines are ſo alſo on the Wencke Ads the lee-ſheats 


„ WI are haled cloſe aft; as alſo the lee: braces of all 
7 the ſails are Iikewiſe braced aft, and the top-ſails 


ks braced and govern'd as the ſails to which they 
On 


Hale aboard the tacks" ; that is, bring 1 the tack 
down cloſe to the cheſs- trees. 


I 2 | Eaſs 


E 
Eaſe the tack; that is, ſlacken it, or let it go, 
or run out. | 
Let riſe the tack ; that is, let it go all out. tic 
rin ſails, or ſtands cloſe upon a tack ; that Ml fo 
is, cloſe by the wind. ED 5 
To tack about, is to bring the ſhip's head about, ¶ be 
ſo as to lie the contrary way; which is perform'd Ml ſh 
thus: Firſt make the ſhip ſtay; and when ſhe het 
is ſtay'd, they ſay ſhe is pay; then let riſe and tri 
Hale ; that is, let the lee-tack riſe, and hale aft WM up: 
the ſheats; and ſo trim all the ſails by a wind as IM anc 
before; for they caſt off that which was before MI wh 
the weather-bowline, and ſet up the other taught. thi, 
And thus they do alſo by all ſheats, braces and ME jud 
tacks, which a ſhip that is trimm'd by a wind mar 


| 1 
TACKLES, are ropes running in three . 
Parts, having a pennant with a block at one end, IM hoif 
and a block with a hook at the other end, hard 


TAUGHT, or Tant, ſignifies ſtiff or faſt ; 
as hale taught a rope, that is, ſet it Riff or ſtrait, 


TILLER, the ſame with the helm of a 
Mip: It is moſt properly uſed in a boat, where 
that which would be the helm of a ſhip, is call'd 

the Teller, and ſerves for the ſame uſe, 


TRANSOM, is a piece of timber that lies 
a-thwart the ſhip's ſtern, between the two 
faſhion pieces, directly under the gun-room port; 
and it lays out the breadth of the ſhip at the 
buttocks: As when a ſhip is built broad or nar- 
row at her tranſom, ſhe is ſaid to have a broad 
er narrow buttock, 

TRIM 
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TRIM of a ſbip, is her beſt poſture, propor- 
ow, of ball ald hanging of os mats, bs; 
or ſailing. | 2 
To find the trim of a ſhip; that is, to find the 
beſt way of making any ſhip ſail ſwiftly, or how 
his is done either by trying 
her ſailing with another ſhip, ſo many glaſſes 
trimm'd a-head, fo _ a-ſtern, and ſo many 
upon an even keel; or elſe by eaſing of her maſts 
and ſhrowds z ſome ſhips ſailing much better 
when flack, than when they are taught. But 
this depends very much upon experience and 
judgment, and the ſeveral trials which the com- 
mander and other officers may make a board, 


TRIP; as the (vip goes vith her top: ſails 
bs that is, when ſhe carries her top-ſails 
hoiſted up to the higheſt, when it blows not too 
hard, but a gentle or loom-gale, as it is called, 


TRY; as the ſhip lies a-try under a main- 
ſail, or main courſe ; that is, when ſhe has no 
other fails abroad; the tacks haled cloſe a-board, 
the-bowlines ſet up, the ſheats haled cloſe aft, 
and the helm tied down cloſe by the board, and 
ſo ſhe is let lie in the ſea. But at this time if 
ſhe be upon a wind, ſhe uſually makes her way 
good, near three points before the beam. 

To try under a mizen ; this is done when it 
blows ſo hard, that they cannot maintain the 
main-ſail; that is, cannot bear the main-ſail out; 
and then if ſhe lie cloſe by the wind, ſhe will 
make her way about two points before the beam. 


But 


I 3 


But if fhe zry under a main-ſail and mizen, 
ſhe will make her way good about four points 
2 evi FE 1 n | 1 | 
If a ſhip will neither ty y nor Hu, then Poor 
that is, put her right before the wind. x ; 


V 


'VEER, as, veer out a rope; that N. let it 
go by hand, or Jet it run out of, itſelf, 
Veer, is alſo uſed in reference to the wind ; ag 
the wind veers; that is, when it changes often, 
and ſuddenly, or ſhifts from point to'poigt, 


VEERIN G, as tbe ſoi p goes veering F that 


18, ſhe =_ at large, neither by a wind, nor 
directly before it; but between both; which is 


alſo call'd quartering. 


VIOL, a kind of hawſer, made uſe of to 
' Purchaſe in the cable, when the main capſtan 
cannot do it; becauſe the ground in which the 
anchor is fix'd, is too ſtiff; or ele the ſea runs 
too high, ſo that they cannot weigh it, In which 
caſes — take a hawſer, and opening one end of 
it, they put therein nippers, of about eight 
fathoms from each other, wherewith they bind 
this hawſer faſt to the cable, and then bring it 
to the jear capſtan, to heave upon it. And this 
will purchaſe far more than the main capſtan 
can. = 3 


W 


WA K E of a Ip, is the ſmooth water a ſtern, 
when ſhe is under fail, This ſhews the ny oy 
E 5 | as 


7 [ws] EM 
has gone in the ſea, whereby the mariners judge 
what way ſhe makes; for if the wake be right 
aſtern, they conclude ſhe makes her way right 
forwards 3 bat if .the wake be to leeward a point 

or two, then they conclude ſhe falls to leeward of 

75% ze weather of ber wake ; chat 
The ſhip ſtays tothe weather of hey wake; that 
18 —. 10125 ſtaying ſhe is 4 quick, that ſhe 
does not fall to leeward upon a tack z but that 
when ſhe is tacked, her wake is to the leeward z 


as * j49:fignithut ſhe feels her helm very well, 

W ARPING, is to hale a ſhip up by a 
nat MW hawſer, or any other rope, - ſufficient for that 
nor purpoſe, with an anchor bent to it, This is uſed 


when a wind is wanting to carry a ſhip into, or 
out of a harbour, | 

Warp, fo is the hawſer, or rope uſed to hale 
the ſhip up, called, | 


the MM WAY of a. ſhip; as, Tokeep an account of the. 
uns 's way: is one of the moſt neceſſary things in 
ich Ne practice of navigation; and the moſt approv'd 

| of nethod of doing this, is by the log and log: line. 
ind WM. Zee-way, or /eewward way, is the angle made 
git by the point ſteer d upon, and the way of the 
this 


ip; and fince moſt ſhips are apt to fall a little 
Ld of their courſe, it is neceſſary at all 
mes in caſting up the log · board, to allow ſome». 
ming for the lee - way; as, 8 

r. If the ſhip be upon a wind, allow one point 
lor lee way: : Fn: 
2, If the wind blow hard, and cauſe one top- 
> Wil to be taken in, allow two points for- lee: way, 
has | | 1 4. 1 b Ze If 


make her way about two points before the beam. 


L 276 ] 1 
3. If the wind blow ſo hard that both top-ſails 7 
are taken in, and the ſea run high, allow three the 
points for ——_ | EE * 
4. If the fore- fail be furl'd, and ſhe try under 
2 main-ſail and mizen, the will make her way w 


four points before the beam. | 
5. If ſhe try under a main-fail only, ſhe will ſhips 


make her way near three points before the beam. 
6. But if the try under a mizen only, ſhe will! 


1. If ſhe lie a-hull, with all her fails furl, wood 
the will make her way one point before the beam. | 


May aſt ecard on, or forward o; tht is, the holes 
rake or run of a ſhip, Which ſee, ferves 
weigh 


WEATHER ; as, To weather a point; that much 
is, to paſs by it on the weather ſide. To weather any d- 


4 fpip ; that is, to go to windward of her. the ae. 
Ji eather-coyle; that is, when a ſhip has her k-ppe 
head brought about, ſo as to lie that way which lelt. 
her ſtern did before, without looſing of any ſail, 
but only by bearing up the helm, - 
Meail er gage. * Gaor, ; 


WHIP, or ib get is a Arong Aaff faſten i Number 
into the helm of ſmall Hips, for him that ſteers end, ar 
to hold in his hand, thereby to move the helm. Häith t! 


and ſteer the ſhip, boilted 


Uires. 
the maſ 


WIND, is deſined to be the ſtream or current 


of the air, which blows from ſome one of the Tard 
two and thirty points of the horizon, or compals, ade of t 
Windward; that is, nearer the riſe of the Lace 
wind. | „ | arm, WI 


To have the wind of a ſbip; that is, to be to 
windward of her. 
Toll) 


[1m ) 
Touch the wind; that is, keep as cloſe upon 
the wind as poſſible. | 


wind, 


WINDLASS, is an inſtrument, in ſmall 
dhips, placed upon the deck, juſt abaft the fore- 
maſt, Tis made of a piece of timber fix or 
eight foot ſquare, in form of an axel-tree, whoſe 


wood at the ends thereof, and upon which it is. 


holes made for that purpoſe. This inſtrument. 
ſerves for weighing anchors, or hoiſting of any 
weight in or out of the ſhip 5 and will purchaſe 
much more than any capſtan, and that without 
any danger to thoſe that heave: for if in — 
the 2winalaſs about, any of the handſpikes ſhould 


elf. 


8 


1 umber made ſomewhat tapering towards each 
rs Mend, and fitted each a-thwart its proper malt, 
with the ſails made faſt to them, ſo as to be: 
tvilted up, or lower'd down, as occaſion re- 
2 They have their particular names from 
ent the maſts they belong to. | 

he 1717 arm, is that halt of the yard on either 
de of the maſt. 


m, whoſe brace is haled.. 


[M8 2 5 | 2 N 


The Wings eye; that is, directly againſt the 


length is plac'd horizontally upon two pieces of 


turned about by the help of handſpikes, put into- 


k:ppen to break, the /2/aſs would paul of its 


YARDS of a ſip, are thoſe long pieces of 


Brace the yard; that is, traverſe aft the yard» 
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Square the yards; that is, ſee that they hang 
right a-croſs the ſhip, and one yard-arm not 
traverſed more than ano tler. 

Top the yards; that is, make the yards ſtand 
even for to top the main and fore- yards, the clew- 
lines are the moſt 3 3 but when the top-ſails 
are ſtow'd, then the top-ſail ſheats will top them. 

 YAWS; as the ſhip makes yaxus; that is, 
does not ſteer ſteady, but goes in and out when 
there is a ſtiff pale. And he that keeps the ſhi 
moſt from yawing, does commonly uſe the leaſ 
motion wich the helm; and thoſe ſteer beſt, 
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+ Containing the 
DREscRIDTION and Usz 
| | Of a Compleat 
Skrr or CAsk of POCKET=INSTRUMENTS. 


WES Compleat ſet of pocket · inſtruments 
(though ſometimes made according 

articular direction) generally 
WP confifts of the following particu- 
lars, vis, 1. A large pair of com- 

A D paſſes with one point made to take 

out, in order to receive in its place, either a 

drawing pen, a port-crayon, or a dotting- wheel 3 
according as you would deſcribe your circles or 

arches, with ink, black lead, &9c. or only with 

dots. 2. A ſmaller pair of compaſſes for the 

of diſtances, or ſtriking obſcure 

arches, c. in working geometrical problems. 

3. A longer drawing pin, whoſe handle co 
| 6 


exact taking 
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a protraQng pin, and a ſocket to hold a pencil, 
4. A parallel ruler. 5, A protractor, either ſemi. 
circular, or (as they are more commonly fitted up 
- for * in form of a parallelogram or long 

ſquare, for the conveniency of laying down on 
the back ſide thereof, ſeveral lines of equal parts, 


both diagonally and otherwiſe divided, with two 


or three lines of chords of different radius's z and 
ſometimes all the ſeveral lines of the common 
ain ſcale are laid down thereon,, 6, A ſector. 
heſe caſes of inſtruments are made of ſeveral 
fizes ; but moſt commonly either of the length 
of four inches, four inches and a half, or fix 
inches, which laſt fize, though ſomewhat heavier 
for the pocket, are much more preferable in uſe, 
as the diviſions upon the ſector are more ſenſible, 
and conſequently their application in practice 
more exact, EE 


O the Compaſſes. 


A pair of compaſſes is a thing ſo well known, 
that it would be little leſs than ridiculous to 
waſte words in its deſcription ; but a few hints 
of direction in Judging of their goodneſs, may 
probably be of ſervice, Obſerve therefore, 1. That 
the motion of the head be equal, that is, that in 
opening or ſhutting you find no ſudden jerks, or 
leapings. 2. That the joints are well fitted, fo 
that there be no ſhake in the application of any 
of the points. 3. That they be well filed and 
poliſhed, And, laſtly, That the ſteel points arc 
cloſe join?d, equal, and well tempered: 


The uſe of a pair of com ppaſſes is as well 
Known. as their form; I have therefore little ” 
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ſay under this head, but that it is an inſtrument 


well adapted to the taking of diſtances, and de- 
ſeribing circles, or arches from a given center; 
which, as before was intimated, may be done 
either obſcurely, with the ſteel point'; in ink, 
with the drawing pen point; in lack-lead, Oc. 
with the crayon point; or by dots only, with 
the dotting wheel point; as the occaſion requires, 
Note, alſo, either of theſe points may be uſed 
to draw a ſtrait line along the edge of a ruler, 


Of the longer drawing Pen, with the 
Protracti vg Pin. 


This inſtrument is compoſed of two ſteel 
blades fined into a ſmall pillar of braſs, filver, 8c, 
one of which by means of a joint, may be made 
to open ſor the conveniency of cleaning, and by 
help of a little ſcrew, 5 are eafily ſet to the 
proper thickneſs of the line you would draw; 
the ink being inſerted into the cavity betwixt the 
blades, with a pen; ſo that if the blades are 
well fitted and poliſhed, the line they draw will 
be exceeding ſmooth and even, which cannot be 
ſv certainly done with a common pen. The uſe 
therefore of this part of the inſtrument is only 
to draw ſtrait lines, which generally ſhould be 
drawn very fine. The other part, which is call'd 
a protracting pin, is only a ſhort piece of fine 
ſteel wire, fix d in one end of the other part of 


the handle : and its uſe is to ſet off angles from 


the protractor, as ſhall be hereafter ſhewn in 
deſcribing that inſtrument, | 


[ 82] | 
O the parallel Ruler. rie 


This inſtrument conſiſts only of two equal be 
rulers, ſo connected to each other, by moveable here 
croſs· pieces fix d parallel to each other, and lying . 
aſlant when the two rulers are cloſed, or croſſing 
each other with a joint in the middle, that tal 
whatever degree the rulers. are opened, they arꝗ NProtra 
ſtill kept in à true parallel poſition .to each other; ¶ Hanne 
by which means one part being ſet true upon any 
line, another lipe may be drawn, by the other par 


of the ruler cxactly parallel to that whereon then ang 
firſt is placed: Which expedient is of great uſꝰ A of 

in delineating moſt forts of draughts, particularly Hor the 
in plans of architecture, both military and civil enter 
and in reducing a multangular figure to a triangle, the 
for the more accurate and ready finding thefexact! 
content. : I boor i: 
Of the Protractor. the ſai 
| | | % deg 

The protractor is commonly a ſemi- 

Fig. 1. circle, on whoſe chord or diameter i 2+ 1 
mämarkd its center, and whoſe arch is angle g 
divided into 180 equal parts, called degrees 5A C. 
being the half of 360, which every whole cirele the line 
is ſuppoſed to be divided into (See fig, I. at the bon tl 
end of the Appendix.) But for caſes. of inſtru· umb of 
ments, it is frequently made in form of a paral- the con 

lelogram, upon three ſides of which the ſameſf 

diviſions are laid down from a center, mark'd on. On t 
the fourth (as in the plate fronting the title, in orm c 
the figure mark'd C.) Every 10 of theſe degreesſihn the 
are numbered, and every fifth diſtinguiſhed with ** | 

! El 


a longer mark than the others, for the greater 


eaſe in reckoning. They are uſually _—_— 25 an 
| | t | 


Poth ways, viz from right to left, and from left 
Jo right, for the more readily laying own an 
Bogle from either end of a given line. 
to be applied to the paper is made flat, and that 
hereon the W are mark d is filed ſo ſſoping, 
zs to render the edges thin for the greater 
ractneſs in ſetting. off, or meaſuring an angle; 
hich are all the uſes of this inſtrument as a 
protractar, and perform'd in the following 


ganner. 


1. If it was grequired to lay down 1 4 
an angle of 60 degrees, from the point Fig, 2. 
\ of the line AB. Lay the diameter 
ff the protractor on the line A B, ſo that the 
enter of the inſtrument may fall upon the point 
\, then with your protracting pin make a mark 
exactly againſt the number gd upon the limb of 


the faid mark to the point A, form an angle of 
60 degrees. 1 


2. If it be required to find the content of an 
angle given, as in the foregoing figure the angle 
BAC. Lay the diameter of the protractor on 
the line A B, ſo that the center may fall exactly 
upon the point A; then ſhall: the degree on the 
limb of the inſtrument cut by the line A C, ſhew- 
the content of the angle, as before 60 degrees. 


On the reverſe of a protraftor, when. made in 
orm of a parellelogram (Vids figure mark'd D 
ces» the plate fronting the title) are uſually laid 
ich {down ſeveral ſcales, or lines, of equal parts of 
terlidifferent proportions, that is, of 45, 40, 35, 30, 
er d: 5, and 20 parts to an inch, diſtinguiſh d by r 
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ſaid numbers prefixed, thoſe of 20 and 40 being 
commonly diagonally divided; likewiſe lines of 
chords of different radius's ; and if the diagonal 
ſcales be laid down within the vacant ſpace on 
the face of the protractor (as in fig. C.) there 
may be room on the reverſe (as in fig, D) for all 
the lines uſually placed on. the inſtrument, called 
the plain ſcale, as well as the before-mentioned 
lines of equal parts, Sc. In giving therefore the 
conſtruction and.uſe of the plain ſcale, I ſhall 
ſufficiently deſcribe all the lines ever laid down 
on the reverſe of a protractor, and ſhew their 
ſeveral uſes and application in practice. But firſt 
I ſhall ſhew the uſe of theſe ſeveral ſcales or lines 
of equal parts, both as they are ſimply, and dia- 
gonally divided. 5 | 


Of the Uſe of Scales, or Lines of equal Parts, 
1. Simply divided (Vide fig. D). A line of 


equal parts is no more than a ſcale of meaſure in 
miniature, for laying down by way of plan, 
lengths taken by any known meaſures, as chains, 
yards, feet, c. each part on the ſcale anſwering 
accordingly to one chain, one yard, or one foot, £5, 
The plan therefore will be the greater or leſs, as 
the ſcale uſed contains more or leſs parts in the 


| ſpace of an inch. Note, the firſt diviſion on 


diviſi. 
on, 
rom d 
may ſ 
divide 


every ſcale is ſubdivided into 10 equal parts, ſh; 


which ſmaller divifions are the parts to be under- 
ſtood, when we ſay it is a ſcale of 20 or 50, £5. 


If, therefore, theſe leſſer diviſions be taken as i 


units, and each repreſent one league; one mile, 


one chain, one yard, or one foot, Ec. the larger Nga 


divifions will conſequently be tens, tho' number d 


with ſingle figures; ſa that to ſet off 36. leagues, 
I miles, 


ines fre 


14 
ng miles, chains, yards or feet, Sc. extend the com- 
ot WM paſſes from 3 of the larger diviſions, to 6 reckon'd 
e upon the ſmaller, and that extent laid 
on ¶ down on your plan, ſhall accordingly repreſent 
ere 36 leagues, miles, chains, yards or feet, actually 
all meaſured in the thing repreſented. To adapt 
led I theſe ſcales to foot meaſure, you will likewiſe find 
the firſt diviſion of each duodecimally divided, 
the ¶ above the decimal diviſion, the halves and quarters 
all Hof which are diſtinguiſhed by longer marks than 
n the reſt; which are generally only dots; ſo that 
i to lay down any number of feet and inches, as 
irſt ſuppoſe 8 E. 9 I. extend the compaſſes from 8 of 
nes the larger diviſions, to 9 of the upper ſmaller 
li- divifions; and the ſaid extent laid down on your 
lan, ſhall repreſent by whatever ſcale it is taken, 
— 8 E. 9 I. in length actually meaſured. This 
. wen _ for thoſe ſcales which are only fimply 
divided, 


, Diagonally divided (Vide 8g, C.) For thoſe 
© 


which are more accurately divided by diagonal 


ins, ines, as one of the larger diviſions are thereby 
ing exactly divided into 100 equal parts, if the ſcale 
Oc. Nrontains 10 of the larger divifions, any number 
as under 1000, may thereby be accurately laid down. 


on The projection of theſe diagonal ſcales is in 
ts, his manner. Firſt draw eleven parallel lines at 
der- qual diſtances, (vide fig. C) the whole length 


f which being divided into a certain number of 
qual parts, according to the length of the ſcale, 
y perpendicular parallels; let the firſt diviſion be 
gain fubdivided into ten equal parts, both above 
nd below ; then drawing the ſeveral oblique 
nes from the firſt perpendicular below, to _ 


diviſions included upon the ſixth parallel, will be 
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whole firſt ſpace ſhall eee be exactly divided 
Lig as each of the ſub-diviſiong 


and the ſecond units. The numbers therefore 


576. 57,6 , 5,76 are all expreſſible by the ſame 


extent of the compaſſes, vis, ſetting one foot in 
number 5 of the larger diviſions, extend the other 


along the ſixth parallel, to the ſeventh diagonal: 


For if the 5 larger divifions are taken for 5 
hundred, ) of the firſt ſub-divifions will be 70, 


which upon the ſixth parallel, taking in 6 of the 


ſecond ſub-divifions, or & units, makes the whole 
number 576. Or, if the five larger diviſions be 
taken for 5 tens or 50, ſeven of the firſt ſub- 
diviſions will be ) units, and the 6 ſecond ſub- 


ſix tenths of an unit. Laſtly, if the 5 larger 
diviſions be only eſteem'd as five units, then will 
the ) firſt ſub-divifions be ſeven tenths, and the 
6 ſecond ſub-divifions ſix hundredth parts of an 
unit. And this I think may be ſufficient to — 
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„ 
the uſe both of the ſimple and diagonal ſealet of 
equal parts: I now. proceed to 

The Conſtruction and Uſe of the Plain Sale. 


„. Having deſcribed the circle ABCD, and dv 


of Miided it into four quadrants, by the 
he Ndiameters A B and CD, croſſing each Fig. 3. 
* ether at r ght angles. 14 4 IT y 1 : 52 TT, 1 
J. To. project che line, of Tangent. From the 
md C of the diameter CD, ere& the erpen- 
licular CG ; then dividing the arch CB into 
ine equal parts; from the center E, through 
he ſeyeral diviſions of the arch, draw lines till, 
hey cut the perpendicular C G, which will there-, 
dy become a line of tangents. 5 b 


+ VF 
we, * +) 


ore . 2. For the Semi-tangents. Lines drawn from 
me be point D, through the ſame diviſions upon the 


t in Mich C B, will divide the radius BE, into a line 
her If ſemi. tangents. For the ſemi-tangent of any 


al: Ich, is but the tangent of half ſuch arch; and 
r 5% the zoth of the 3d of Euclid, it is prov'd, 
70, nat an angle at the center, is the double of one 
the It the circumference, 

101e | | . 5 
be 3. For the Secarnts. Since the lines drawn 


om the center through the ſeveral diviſions of 
e quadrant C B, to form the tangents, are the | 
cants of thoſe 8 arches, transfer thoſe | 


. — 
— = 8 8 * - 


roerWnoths to the line EB continued to F, and the "y 

will te E F will be a line of ſecants. 2 
the 1 5 |, WA 
an 4. For the Sizes. From the ſeveral diviſions if 
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heuff the arch C B, let fall perpendiculars upon the 
5 1 radius 
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= — 
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_ — — <= — 2 x 
5 op £ — 2 
wy . * 


1 
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—— 


points 1, 2, 3, 4, Cc. then ſetting one foot of 


N 

radius C E; ſo ſhall the radius CE be divided mar 
into a line of ſines, which is to be numbered from 
from E to C for the right fines, and from C to 
E for the verſed fines, Note, the verſed fines 
may be continued to 180 degrees, if the ſame 
diviſions be transſerr'd on the other fide of the 
center E. _— | 5 made 


5. For the Chords. The arch CB being . Ne 
divided into 9 equal parts, in the points 10, 20, Ndiviſi 
30, Oc. it therefore you imagine lines drawn I the ic 
from C, to the ſaid ſeveral diviſions, they will {where 


be the chords of their reſpective arches, Setting I names 


therefore one foot of your compaſſes in the point Fas be 


C, and transferring the ſeveral lengths C 10, Plain 


C 20, C zo, Oc. to the line CB, and the line 
CB ſhall thereby be made a line of chords. | But 
| partic 
Note, Theſe ſeveral lines (which in the fignrWthe ſer 
are arawn but to every 10 degrees) might be. con. other 
ſtructed to every ſingle degree, if the circle ed th 
made large enough to admit of 90 aiftintt diviſſon i 
in the arch of its quadrunt. 


6. A line of Rhumbs is thus conſtructed, 
Divide the arch DB into 8 equal parts, in the 


the compaſſes in D, transfer the ſeveral diſtances 
DI, Dz, D z, Oc. from the arch to the line 
DB, by which means you will form a line o 
rhumbs, each of which will anſwer to an angle 
of 11» 1 5. | | | 


rom t! 
livifion 
Ich A 
en ha 
bot of 
terſe 
hich v 
nay acc 


7. For the line of Tongitude. Divide the 
radius E A into 60 equal parts (becauſe 60 miles 
make a degree of longitude under the equator 
8 | marking 
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Jed marking every ten with their proper number 
red from theſe diviſions let fall N — 


to the arch A D, then having drawn the line A D, 


nes with one foot of the compaſſes in A, transſer the 
me ſeveral diſtances where the perpendiculars cut the 
the arch, to the line AD ; which ſhall thereby be 
made a line of longitude. === 

eing. Now if the ſeyeral lines with their reſpective 
20, (diviſions thus projected, in fig. 3. be transfer'd to 
1wn the ſcale mark'd D, in the plate fronting the title, 
will where they are diſtinguiſh'd by their proper 
ting names; and thereto be added lines of equal parts, 
oint Nas before deſcrib'd, the inſtrument called the 
10, Plain Scale, will thereby be form'd, 

line 


But as upon the reverſe of ſome protractors 
(particularly thoſe made by Mr. Siſſau) beſides 
91076 
con 
were 


ſions 


other lines laid down, vis. the line of latitude, 
and the line of hours; I ſhall likewiſe thew th 
manner how they are projected. | 5 


* Projection of the Lines of Latitude, and of Hours. 
* | 

the 
ot 0 
ances 
> line 
1e 0 
angle 


1, To project the line of Latitude. In the 
ame diagram (vis. fig. 3.) the radius CE being 
ready divided into a line of fines, laying a ruler 
rom the point B, through every of the ſaid 
livifions, mark the points cut on the oppoſite 
ch AC, with the numbers 10, 20, 30, Oc. 
en having drawn the right line A C, with one 


> the 
miles 
lator 
rking 


terſections of the arch, to the ſaid right line, 
hich will thereby become a line of latitude, and 
day accordingly be laid down on your ſcale. 1 


the ſeveral lines already explain'd, there are two 


bot of your compaſſes in A, transfer the ſeveral 


P. wo the Honr-Tine: Draw the con 


— 


9% 


4 


X 1 


tangent I K, equal and parallel to the diamete i ©! « 


CD ; and divide half the arch of each quadrat the 


A O and A D, from the point A, into three equal oy 
parts, which will be 15 degrees each part, for are 


the degrees of every hour from 2 to &; each d qui 
which. parts are to be again ſub- divided into the 
halves and quarters, Cc. then drawing lines from upo 
the center of the circle, through each of theſt dra) 


divifions and ſub-diviſions, till they cut the mar 
tangent line I K, the ſaid agent line will there Thi 


by be divided into a line of hours. 0 
8 1 IC * | the | 
3. To theſe may be Mill added, another ling feet 
applicable to the ſame uſe, vis. the line of [udi chor 
nation of Meridians, which is projected in th the 
ſame manner as the hour-linez only divided int degr 
degrees, inſtead of time, every 15 degrees bein the! 
equal to an hour. 85 the] 
| | +8 an a 
The uſes of the ſeveral lines thus laid deten ui deſer 
the ſcale D, from the foregoing Projection, are off ©* d 
follow, | IE the 
9 55 arch 
r. The Tangente, Sumi. tangents and Secanty chor 
ſerve to find the centers, and poles of project 

circles, in the ſtereographical projection of tl 4. 
ſphere, G . 5 readi 
I | meaſ 
„ 2, The Sines ſerve for the orthographical pu For e 

Jeon of the ſphere, &c, ' e 
| | Drau 
3. The line of Chords, ſerve either to ſet © then 
an angle from a given point in any right line _—_ 
as N 


or to meaſure the quantity of an angle ajrei 


lai 
f 


A 
uad down. The firſt is done by opening you? 

Ml compaſſes to the extent of 60 degrees upon the line 

of chords (which is always equal to the radius © 


eter 1 em un ius of 
am the circle of projection) and ſetting one foot in the 
za 2" ular point, with that extent deſcribing an 


e arch; then taking the quantity of the angle re- 
k 4 quired, between the feet of your coripati 
the ſame chord-lihe, ſet it off from the given line 


tou upon the arch deſcribed ; ſo ſhall a right lin 
heel drawn from the given point, through the poin 


mark'd on the arch, form the angle required. 
Thus to lay down. from the point A of the line 
AB, an angle of 40 degrees, taking 
the extent of 60 degrees between the Fig. 4. 
feet of your compaſſes from the line of 


the 
hers 


line 
＋ the ſaid arch from D to C, the extent of 40 
degrees taken from the ſaid line of chords, from 
the point A draw the line A C, to paſs through 
the point C, ſo ſhall the lines A B and AC form 
an angle of 40 degrees, The latter is done by 
deſcribing as before, an arch with the extent of 
60 degrees, and then taking the extent betwixt 
the lines which form the angle upon the aid 
arch; that extent meaſur'd upon the ſame line of 
chords, will ſhew the quantity of the angle. 


20 0 
ared 


Pont 


4. The line of Rhumbs ſerves with more 
readineſs than the line of chords, to lay down or 
meaſure the angle of a ſhip's courſe in navigation. 
For example, ſuppoſe a ſhip's courſe being N. N. E. 
it is required to lay down the angle. 
Draw the line AB for the meridian, Fig. 5. 
then with 6o degrees of the chprds, | 
deſcribe from the point A, the arch B C; and 
av N. N. E. is the ſecond rhumb from the north, 

| | open 


al pt 


ſet 0 
t lint 
alread 


s from 


chords, {trike the arch CD, then ſetting off upon 


uſed conjointly, and ſerve very readil 
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open your compaſſes to the ſecond rhumb, and 
lay off the extent upon the arch BC, ſo ſhall a 
right line from the point A through the 8 C, 
give the angle of the courſe BAC. Or if it 


were required to find the quantity of the angle 


of a ſhip's courſe BAC; having deſcribed the 
arch B C, with 60 degrees of he chords, take 
the diſtance of the lines upon the ſaid arch be- 
tween the feet of your compaſſes, which meaſur'd 
_ the line of rhumbs, will ſnew the quantity 
ot the angle, 

5. The line of Zongirngde, being laid down on 
the ſcale contiguous with a line of chords of the 
ſame radius, numbered the contrary way, ſhews 
by inſpection, how many miles there are in a 


degree of longitude, in each parallel of latitude z 


accounting the latitude upon the line of chords, 
and the miles of longitude upon the line of 
longitude, Thus in the latitude of 3o degrees, 
it appears that 52 miles make a degree of longi- 
tude ; in the latitude of 60 degrees, 30 miles 
make a degree; and in the latitude of 80 degrees, 
10 miles make a degree, £96, 


6. The two lines of Tatitudes and Hours, are 
to mark 


the hour- lines in the conſtruction of 4 on any 
kind of upright plains. 


As an inſtance of which, I ſhall give one 
example of an horizontal dial for the latitude of 


London, viv. 51% 32“ | 
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1d | 

a Zo conſtruct an horizontal Dial, by the Lines 
C, of Latitude ana Hours; for” the Latituae 
it of 519 32% 8 

le „ | | | | 
he Firſt, draw the line EW of a convenient 


ke MW length, for the fix a clock line, and at 
de- Ml right angles thereto, the line NS for Hg. 6. 

rd Ml the meridian, or 12 a clock line, of a 
ty MW breadth equal to the thickneſs of the ſtile ; the 
jnterſection of which lines, v/S. the point A will 
be the center of your Dial: Then coking $1 02” 
(the latitude of the place) from the line of lati- 
tude, with one foot of your compaſſes in A, ſet 
off that extent on both ſides, from A to E, and 
from A to W; then with the whole length of the 
line of hours between your compaſſes, ſet one foot 
in E, and croſs the meridian line with the other; 
do the ſame on the other fide from W, and draw 
the lines N E and NW, then taking between your 
compaſſes from the line of Hours, the di ſtance from 
the beginning thereot to I, lay down that diſtance 
both ways from N to 1, and from N to r, 
likewiſe trom E to 5, and from W to ); ſet off 
alſo the diſtance from the beginning of the line 
to II on the line of hours, both from N to 2 and 
10, and from E to 4, and W to 8; and laſtly, 
lay down the diſtance from the beginning of the 
line of hours to III, from N to 9, and from N 
to z, which ſaid diſtance will likewiſe reach from 
Eto z, and from Wrtog, Thus having divided 
your trigon into its Proper diſtances, lines drawn 
from the center A of the dial, through theſe 
ſereral diviſions, will mark the reſpecti ve hour 
_ on the limb of the dial, whether its figure 
ſquare or round; and tor the hours before 6 
| in 


. 
zin the morning, and after 6 at night, they ate 
eaſily found by continuing the lines of the op. 
poſite hours through the center. 


Note, The ſtile, which is general by a thin plate 
of braſs, muſt make an angle with the plain, 
equal to the latitude of the place; the angular 

vint being fix'd juſt at the center A, and the 
tile ſtanding upon the meridian line, at right 
angles with the plain of the dial, 


Of the Sodtor. 


The Se&or is a mathematical inſtrument, 
taking its name from a geometrical figure, which 
Euclid thus defines ; a {eftor is a part of a circle, 
bounded by two radii, or ſemi-diameters, and 
part of the circumference, vi. the included arch, 
As an inſtrument, it conſiſts of two equal legs, 
moveable about a Joint like the common carpen- 
ters rule; which being each of the length of 6 
inches (tho' they may be made of any other deter. 
minate length, as in the figures mark'd A and 
B in the plate fronting the title, they are of 4 
inches and a half) when quite open, they form 
an exact foot rule; and may be uſed as ſuch in 
taking dimenſions, being like other commo 
rules, divided into inches and parts, 


The lines commonly laid down on the faces 
this inſtrument to be uſed ſector- wiſe, are as fol 
low, vis, upon one face (that mark'd A in tif 
print) 1. The lines of Zines, or of equal pat 
2. The lines of Chords. z. The lines of Secant 
4. The lines of Pol) gons. On the other fac 
(marked B in the print.) 1. The lines of on 
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are 2. The lines of Tangenrs to 45 degrees. 3. Other 
op- lines of Tangents to a leſſer radius, to ſupply the 


defect of the former, from 49 degrees to about 
75 degrees, 5 | 


Note, If the lines of leſſer tangents, and the 
lines of ſecants, be projected from a radius I of 
the larger lines, and laid down upon the inſtru» 
ment to the ſame angle (as is the practice of 
Mer, Siſſon) then without any alteration in the 
opening of the legs, any extent taken on the lines 
of lefler tangents or ſecants, 4 times repeated, will 
pive the proper tangent or ſecant, to the radius of 
the larger lines. 


Theſe ſeveral lines are projected and divided as 
the ſame lines upon the 3 ſcale; but laid 
down upon the ſector (all except the lines of 
polygons) ſo as that they may all make one 
Lrpen-WMl certain angle, that is, to whatever degree the 
1 of ſegor is opened, the diſtance will be the ſame 
betwixt 100 and 100 on the lines of lines, 90 and 
90 on the lines of fines, 60 and 60 on the lines of 
chords, and 45 and 45 on the lines of tangents. 
The lines of lines are each divided into 100 equal 
_ each of which are again ſub-divided into 
alves and quarters, if the legs are of ſufficient 
length; and with the lines of fines, chords and 
tangents, are cach extended to the length of the 
radius of the circle from which they are projected; 
that is, the lines of ſines to 90 degrees, the lines 
of chords to 60 degrees, and the lines of tangents 
to 45 degrees; each being numbered at every 
10 degrees from the center to their ſeveral ends, 
where they are mark'd with the. initial letters of 
their reſpective names. 

| * N-te 
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Note, The correſpondent parallels of the ſever] 

lines are intended for the better diſtinguiſhing of 
the ſeveral diviſions upon each, | 


The lines of ſecants, and of leſſer tangents, 


are each projeQed from a circle, whoſe radius is! or 
of that from which the other lines are projected; "808 
and beginning at the length of that radius from the ri. 


center of the inſtrument, run to about 7 5 degrees, 
The tangents beginning at 45, where the larger | f 
lines of tangents end, e their degrees diſtin ſeg 
1 by the numbers 45, 50, 60, Jo, 73, and HOY 


the ſecants with the numbers 10, 20, 30, Cc. toll pc 
z; and both are mark'd for diſtinction fake M lire 
with the ſmall initial letters of their names, 0 
The lines of polygons are laid down from the * 
center of the joint, very near the inward edge acco 
of the inſtrument, and are numbred backward = 
from the ends towards the center, with the figure be * 
4, 5, 6, Cc. to 12, which comes within abouſ ab 
three inches of the center. ns © 
9 5 3 | '\ WM fines 
Theſe are all the lines which are uſually lad , C 
down on this inſtrument to be uſed ſectorwiſe. I chor- 
The other lines which are placed upon, anc - jo 
parallel to the outward edges on both faces, ar ſame 
uſed as on common ſcales, the ſector being quit wy 
opened, are, on the edge its ſelf, a line of Hecht Ar 


with each inch ſub-divided into 10 equal parts + 
and on the faces, the line of Numbers, common bara! 
called Gttnter's / ine, with the lines of Arrifct "Io | 

Hues and Tangents; alſo ſometimes a live ff 4 6 
Heurs, with a line of Chords, and a wy 2 Ol 
| | "(1 
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ſector, particula 


„ 
Latitudes, with a line of Inclinatien of Meridians, 
each being diſtinguiſhed with its proper letter, 


Of the Foundation ana general Uſe of the Sector. 


— 
1 


The foundation and general uſe of the ſector 
depends upon the gth propoſition of the 6th 
book of Euclid, where it is prov'd, that the 
homologous ſides of ſimilar and equiangular 
triangles, are proportional to each other. 
Suppoſe therefore the lines AB, AC, Fig. 7. 
to repreſent any pu of lines upon the 

rly the lines of lines, making an 
angle BAC, with each other. If then, the line 
BC be drawn, and Aa, A b taken equal, and the 
lire ab alſo drawn; as Aa, or Ab is to AB, 
or A C, ſo will ab be to BC. Whence if the 
lines Aa, A b, be the half, the third, the fourth, 
Oc. of the lines AB, AC; the line ab will 
accordingly be the half, the third, the fourth, 
Oc. of the line BC. As ſuppoſe A B, or AG 


be 100, and A a, or A b 50; then if B C be go, 
ab ſhall be 30. Hence it follows, that if the 
lines AB, A ©, repreſent the lines of chords, 
fines or tangents, that is, if the line AB, or 
AC be the radius, and the line Aa or Ab the 
chord, fine or tangent, of ſome propoſed number 
of degrees to the ſaid radius AB; then the line 
ab will be the chord, ſine or tangent of the 
ſame number of degrees to the radius B C. | 


And here note, that lines taken upon the ſector, 


are diſtinguiſhed by the terms lateral and 
parallel; thoſe being call'd lateral, which are 
found upon the ſides of the inſtrument, us A B 
AC; and parallel, are ſuch extents as are taken 
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CC 
from one leg to the other, at equal diſtances from 
the center of the joint, as B C, ab, 


If therefore it be required to find the chord, 
ſine or tangent of 20 degrees, to a radius of; 
inches; open the ſector ſo that the diſtance from 
6© to 60 on the lines of chords, may be equal to 
5p inches; then will the parallel diſtance between 
20 and 20 on the lines of chords, be the chord 
of 20 degrees, to a radius of 5 inches ; fo like- 
wiſe the diſtance between 20 and 20 on the lines 
of ſines, and between 20 and 20 on the lines of 
tangents, will be the reſpective fine or tangent of 
20 degrees, to the ſaid radius of 5 inches. 


If a chord of more than 60 degrees be required 
to any aſſign'd radius; as ſuppoſe the chord of 


do degrees; open the ſector as before directed to 


the radius given, and with the ſaid radius, 
deſcribe an arch ſufficiently large, as 
Fig. 8. AD; then taking the chord of half 
: the number of degrees, vis. 40, lay it 
off twice upon the ſaid arch, vis. from A to B, 
and from B to C, fo ſhall a line drawn from 
A to C, be the required chord of 80 degrees. 


If a tangent of more than 45 degrees be re- 
quired, as ſuppoſe the tangent of 70 degrees, it 
muſt be taken from the lines of leſſer tangents, 
which if not laid down to the ſame angle as the 
larger lines, as in moſt ſectors they are not, then 
muſt the ſector be ſo opened, that the diſtance 
between 45 and 45 on the ſaid leſſer tangents, 
may be equal to the given radius; fo ſhall the 
diſtance between yo and yo upon the ſaid lines of 


leſſer tangents, be the tungent of 70 degrees, » 
the 
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the radius given. But if the lines of leſſer 
tangents are made (as they ſhould be) to + of 


the radius of the larger, and laid down to the 


ſame angle, then the tangent of any required 
number of degrees, either more or leſs than 45, 
may be taken off without any alteration in the 
opening of the ſector; for in the inſtance above 
of 70 degrees, the diſtance between 70 and 0 on 
the line of leſſer tangents, 4 times repeated, will 
be the tangent of 70 degrees, to the radius ſo 
ſet off 'between 45 and 45 on the line of larger 
tangents, CS: 


To find the ſecant of any propos d number of 
degrees to a given radius, as ſuppoſe the ſecant 
of 60 degrees, to a radius of two inches ; open 
the ſector to the diſtance of 2 inches between 
o and © on the lines of ſecants; fo ſhall the 
diſtance between 60 and 60 upon the ſaid lines, 
be the ſecant of 60 degrees, to the radius of 2 
inches : Or, if according to the above remark on 
the leſſer tangents, the lines of ſecants are pro- 
jected to + of the larger radius, and form the 
common angle; the diſtance between any pro- 
poſed point, 4 times repeated, will give the pro- 
per ſecant to the radius the larger lines are open d 
to. | 


TF the contrary of any of theſe operations be 
required, that is, if a given right line be the 
chord, fine, tangent or ſecant, of any certain 
number of degrees, as ſuppoſe 20, and the radius 
be ſought z open the ſector to the length of the 
given line, in the points 20 and 20 of the lines of 
chords, fines, tangents or ſecants, according a8 
the ſaid line is either chord, ſine, tangent or 

K 4 ſecant, 
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ſecant z and the diſtance between 60 and 6o on 


the chords, between 90 and 90 on the fines, be. 
tween 45 und 45 on the tangents, and between 
© and © on the ſecants, ſhall be the radius to the 

iven line, whether it be chord, fine, tangent or 


This may ſuffice to ſhew the nature, general 
uſe, and excellence ot this inſtrument ; it evident. 
ly appearing from what has been ſaid, that the 
$6.r is, as it were, an univerſal Plain Scale, to 
any radius not * than the extent of the in- 
ſtrument its ſelf, when quite open, or leſs than 


the diſtance between the numbers at the ends of 


the reſpective lines, when quite ſhut, 


And as the ſeveral lines make equal angles 
with each other reſpectively, they are thereby 


adapted to the working of proportions in equal 


arts and fines, equal parts and tangents, &c. 
© that among other things the ſeveral caſes of 
Trigonometry may very readily be reſolved by the 
ſector. Some inſtances of which ſhall be here- 
after given; but firſt I ſhall ſhew ſome particu- 
lar uſes of the lines of lines, and of the lines of 


polygons, 
Of the particular Uſe of the Lines of Lines. 


As lines of equal parts, their uſe is the ſame 
with ſuch lines on common ſcales, ſerving to lay 
down any given length z but as they are laid 
down ſectorwiſe, they have other various uſes, 
ſome of the principal of which are ſhewn in the 
following problems, | | 


"i 
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To divide a given Line into any Number of 
equal Parts. Ain 


Take the extent of the given line between the 

feet of your compaſſes, and ſet off that extent as 
a parallel between the legs of your ſector, in the 
points expreſſing the number of parts into which 
the line is to be divided; ſo ſhall the parallel 
diſtance between 1 and r, divide the given line 
into the parts required. For example, 

ſuppoſe the line A B were given to be Fg. 9. 
divided into 6 equal 3 z ſet off the | 

extent of the line A B, betwixt the legs of the 
ſector in the points 6 and 6, and the parallel 
diſtance betwixt t and: t, vis. A C, ſhall-be the 
4 part of the line AB, 8 


If the given line be of too great extent to be 
applied to the legs of the ſector, take one half, 
or one fourth of it, which being divided as above 
directed, into the parts required, the double, or 

uadruple of one of thoſe parts, will accordingly” 
divide the whole line into the number of parts: 


propoſed, 


PRO L. nx M II. 


To divide a Line in the (ame manner as another” 
2 is avides. | 


Lay down the divided line laterally on both 
ſides of the ſector, from the center, and mark the 


point of its extenſion 3 then opening the ſector 
> 5 : to. 
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to the extent of the ſecond line, in the terms of 


the fir(t z; apply likewiſe the ſeveral parts of the 


firlt line laterally on the legs of the ſeckor, o 
ſhall the ſereral parallels in the terms of thoſe 
parts, be the correſpondent parts in the line to be 
divided, Thus if the line CD were to be di- 
vided in the manner, as the line AB; 

Fig, 10. placing AB on the lines of lines, in 
A B and AC, open the ſeftor to the 

extent of CN, in the terms BC; the ſektor re- 
maining in this poſition, ſet off the parts A E 
and A F, of the line AB, on both legs of the 
ſector, in AE and AF, fo ſhall the parallel 
FE E, give the diviſion C G, and the parallel F F, 
the diviſion G H, on the line C D to be divided, 


PROBLEM III. 


To ſnd the Proportion between two, or more 
given Lines. 


The proportion between any given lines may 
be meaſured upon either of the lines of lines, as 
on other ſcales of equal parts, without opening 
the inſtrument. But to perform the operation 
ſectorwiſe, open the ſector ſo that the extent 
between 100 and 1.0, may be equal to the greater 
of the given lines; then taking the leſſer lines 
ſeverally between your compaſſes, carry them 
along the legs of the ſector, till both points reſt 
exactly on the ſame number upon the lines of 
lines; which numbers will accordingly give their 

proportion to 1006, Thus if it were re- 

Fg. rt, 2 to find the proportion between 
the lines A B and CD ; having ſet off 

the extent of the longer line AB, betwixt the 
points 
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oints of too and 100, apply the fhorter line 
D parallel to the former, and you will find lt 
cut the lines of lines, in the oints 80 and 803 
the proportion therefore of CD to A B, le as 
Bo to 100 or in ſmaller numbers as 4 to 5, 


If the greater line A B, be too long to be 
m— in the points 100 and 100, then ſuppoſing 
the leſſer line C D 100, cut off A E upon the 

reater line, equal to C D, and the part AE 

eing ſet off on the ſector as before directed, in 
the points roo and 100, the part EB will be 
found to cut the lines of lines in the numbers 24 
and 24, ſo that the proportion of the part EB, 
to the part AF, will be found to be as 24 to 
100 ; therefore the proportion of the line CD, 
to the line AB, will this way be found to be as 


100 to 124. 
Penn m IV; 


To increaſe or ainniſfh a Line in any given 
| Proportion. 


Set the extent of the given line betwixt the 
legs of the ſector, in the points of the number 
given, on each of the lines of lines; and the 
parallel diſtance betwixt the points of the number 
required, will give the line ſought, Thus if 
the line A, is to be increaſed in the  _ 
proportion of 3 to ); ſet off the way. Fig. ta, 
of the line A, betwixt 3 and 3, on the 
lines of lines; ſo ſhall the parallel diſtance be- 
twixt 7 and y, be the increaſed line B ſought, 
On the contrary, if the line B was to be dimi- 


niſhed in the proportion of ) to 3, ſet off the 
" K 6 n Une 
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line B betwixt ) and 7, and the parallel diſtance 
betwixt 3 and 3, ſhall be the diminiſhed line A 
ſought. Note, it may be ſometimes more con- 
venient to work with the equimultiples of the 


numbers given, which will produce the ſame I 


effect; thus for the proportion of 3 to ), you 
may take the numbers 6 to 14, 9 to 27, 12 to 28, 
or 30 to 70, £90. 


PROoOBtS2MmWw_V: 
To find a third Proportional to two given Lines. 


Lay down both the given lines laterally on the 


legs of the ſector, obſerving the points of their 


extenſion; then taking the ſecond line between 
your compaſſes, open the ſector to its extent in the 
terms of the firſt line, ſo ſhall the parallel 
diſtance between the terms of the ſecond line, 
be the third proportional ſought. For example, 
Iet the two given lines be A and B, 
Fig. 13. which being laid down on the fides of 
| the ſector from the center A, ſuppoſe 
the terms of the firſt line to be BB, and the 
terms of the ſecond C. C; then opening the 
ſector in the terms BB, to the extent of the ſecond 
line B, the parallel diſtance between CC ſhall be 
the third 1 ſought, For as A is to 
B, ſo is BB, equal to the line B, to C C. 


PRroBrL EM VI. 
To find a fourth Proportional to three Lines give 
Let the firſt and third lines, be both laid down 


laterally on the legs of the ſector, from the _ j 
Pn then 


Ie | 
then opening the ſector in the terms of the firſt 
line, to the extent of the ſecond line; the paral- 
lel diſtance between the terms of the third line, 
ſhall be the fourth proportional, For 
example, let A, B and C, be the three Fig. 14. 
lines given; ſet off A and C on the 
ſides of the ſector, from the center A, marking 


the terms of their extenſion BB, and CC; then 


taking the ſecond line B, open the ſector to its 
extent, in the terms of the firſt line A, vis. 
BB-:; and the parallel diſtance betwixt CC, the 
terms of the third line C, ſhall be the fourth 


proportional ſought. 


Note, In Geometry, as well as in Arithmetick, 12 
is not neceſſary that all the proportionals be of 


one denomination; but only that the fourth 
found correſpond with the ſecond, as the third 


with the firſt; therefore the firſt and third pro- 

ortionals may be meaſured by one ſcale, and the 
as and fourth by another : Or, their re- 
ſpective proportions to each other, may be found 
as directed in Prob. 3. | 


. 


To find a right Line nearly equal to the circum- 
ference of a given Circle, 


Since the proportion of the diameter of a circle 
to its circumference, is nearly as 3.18 to to; 
therefore opening the ſector to the length of the 
diameter of the circle propoſed, in the points on 
the lines of lines, anſwering to the number 3.18, 
the parallel diſtance between 10 and 10, will — 
| the 


8 „ 
the length of a line nearly equal to the circum- 
| ference of the given circle. 


PR OH I NM VIII. 


To open the Seftor ſo that the tro Lines of Lines 

(and conſequentby rhe others reſpectively, if they 

are laid down as they ought, at equal angles) 
may ſtand ar right angles with each other. 


Since by the 47th de wee f of the iſt book 
of Euclid, it is demonſtrated, that in a right- 
angled triangle, the ſquare of the hypothenuſe is 
equal to the ſum of the ſquares of both the legs ; 


therefore, if the whole lateral length of one of 


the lines of lines, taken as 10 equal parts, be ſet 
over from 8 on one leg, to 6 on the other, the 
two lines of lines (and conſequently the reſt 
reſpectively) ſhall ſtand at right angles with 
each other. For 64 the ſquare of 8, added to 
6 the ſquare of 6, makes 100, equal to the 
ſquare of 10, | 5 


To theſe few problems peculiar to the lines 
of lines, I ſhall add one or two of a more gene- 


ral nature, 
PRAR OL EM IX, 


W open the Lines „pon the Seffor or the edges of 
the Inſtrument itſelf to any Propoſed Angle. 


Take the quantity of the angle propoſed, 
laterally from the center on one of the lines of 


chords, and ſet it off as a parallel betwixt 60 


and co on the ſaid lines, ſo ſhall the two: Joes 


1. 
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of chords, and every other pair of lines. ſtand 
reſpectively with each other at the determined 
angle. Thus to open the lines to an angle of 20 
degrees, ſet off the lateral extent of 20 degrees 
taken from the center, upon either of the lines of 
chords, as a parallel betwixt 60 and 60 upon the 
ſaid lines; and the two lines of chords, and con- 
ſequenily all the reſt, each being laid down to 
the ſame angle, ſhall accordingly form an angle 
of 20 degrees, each with the other reſpectively. 
And if (as in the 3 prefix d to this work) 
every pair of lines form with each other an angle 
of 6 degrees, when the ſector is quite ſhut, it is- 
but adding 6 —_— to the quantity of the angle: 
propoſed, in taking the lateral extent, and the 
parallel ſo ſet off, ſhall ſet the edges of the in- 
ſtrument its ſelf to the angle required, 


PR OIL R M X. 


| The Seftor —_ opened, to find the quantity of the 
Angle, which either the ſeveral Lines, or the 
edges of the Juſirument, make with each other. 


| This pony is but the reverſe of the former: 
For if the parallel diſtance betwixt 60 and 60 on 
the line of chords, * laterally from the 
center on either of the ſald lines, the degrees of 
its extenſion is the meaſure of the angle the 
ſeveral liues reſpeQively make with each other; 
p : 
| deducting therefore 6 derrees from the quantity 
ſo found, ſor the angle the ſeveral lines make 
with each other when the inſtrument is _—_ ſhut, 
and the remainder will be the quantity of the 
angle formed by the edges of the inſtrument. 


of 


3 
. 
8 

f 
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Of the 2 of rhe Lines of Polygons. 


The lines of polygons are chiefly contrived for 


the ready diviſion of the circumference of a circle 
into any number of equal parts from 4 to 12, that 
is, as a ready means to inſcribe regular polygons 
of any given number of ſides, from 4 to T2, 
within a given circle: To do which, ſet off the 
radius of the given circle (which is always the 
ſide of the inſcribed hexagon) as a parallel be- 
twixt 6 and 6, upon the ſaid lines, ſo ſhall the 
parallel diſtance betwixt 5 and 5, be the fide of 
a pentagon ; between ) and 7, the fide of a 
heptagon ; between 8 and 8, the fide of an oQa- 
gon, &c. All which is too plain even to need 
an example. | 


Ng. All ſuch regular polygons, whoſe 


number of ſides will exactly divide 360 (the 
number of degrees. into which all circles are 
ſuppoſed to be divided) without a remainder, 
may likewiſe be very readily ſet off upon the 
circumference of a circle, from the lines of chords ; 
for laying down the radius of the circle, as a paral- 
lel betwixt 60 and 60, upon the lines of chords; 
the ſector remaining ſo opened, having divided 


60 by the number of ſides, the parallel diſtance 


berwiat the numbers of the quotient, ſhall be 
the fide of the polygon required ; thus for an 
octagon, take the extent betwixt 45 and 45; and 
for a pentedecagon, the extent betwixt 24 and 


. 
* 


24, Oc. ; 


I it be required to form a polygon upon a 
given right line; ſet off the extent of the _ 
| ne, 
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line, as a paralle] betwixt the points, upon the 


lines of polygons, anſwering to the number of 
ſides, of which the polygon is to conſiſt; as for a 


pentagon, betwixt 5 and 5 ; or for an octagon, 
betwixt 8 and 8; ſo ſhall the parallel diſtance. 
betwixt 6 and 6, be the radius of a circle, whoſe 
_ circumference ſhall be divided by the given line, 
into the number of ſides — | 


The lines of polygons are likewiſe uſeful in 
deſcribing upon any given line, an iſoſceles tri- 
angle, whoſe baſe angles ſhall each be double 
that at the vertex. For taking the given line 
betwixt your compaſſes, open the ſeQor till that 
extent reaches from 10 on one leg, to 10 on the 
other; then ſhall the parallel diſtance betwixt 
6 and 6, be the length of the two equal ſides of 
the triangle ſought, SY 8 


Before we proceed to the manner of working 
proportions upon the ſector, it will be neceſſary 
to conſider the nature of the lines of artificial 
numbers, ſines, and tangents ; becauſe as the ſame 
proportions may likewiſe be work'd upon theſe 
artificial lines, ſo one method of working, will 

ſerve as a proot of the other. 


Of the Lines of Artificial Numbers, Sines and 
Tangents. | | 


Theſe ſeveral lines, which are uſually laid down 
upon ſectors parallel to the outward edges, in the 
ſame manner as upon other ſcales, are only the 
logarithms of the natural numbers, fines, and 
tangents, thus transferred to a ſcale, 


1. The 
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1. The line of numbers, or Eunter's line, as 
it is commonly called, is a line of geometrical 
proportion, divided into 9 unequal parts, be- 
ginning at 1 towards the left hand, and numbered 
on with 2, 3, 4, 5, Sc. to 10, about the middle 
of the line; where another radius begins, and 


the ſame diviſions are repeated, numbered as be- 


fore to 10, at the end of the line on the right 
hand. Each of theſe primes, or firſt grand 


diviſions, are ſub- divided according to the ſame 
ratio, into 10 other parts, and each of theſe 


ſub.diviſions (if the line be of ſufficient length) 
ſhould again be ſub-divided into 10 other leſſer 
parts. But upon pocket ſectors, which when 
opened are but 12 inches in length, only the part 
from 1 in the middle, to 2 towards the right 
hand, is a ſecond time divided, and that but into 
5 parts inſtead of 10, every one of which muſt 


therefore be accounted as 2 centeſms. In num- 
bering therefore upon the line (wherein conſiſts 


the greateſt difficulty) the figures 1, 2,3, Sc. which 
denote the primes, may be taken arbitrarily either 
as units, tens, hundreds or thouſands; or they 
may repreſent tenths, hundredths, or thouſandths 


o 


parts of an unit. 


If x at the beginning of the line, be taken for 
unity, then 1 in the middle will be 10, and 1 at 
the end 100 ; but if the firſt x be accounted 10, 
then 1 in the middle will ſtand for 100, and 10 
at the end for 1000; again, if the firſt 1 be 
reckon'd 100, then 1 in the middle will be 1000, 
and 19 at the end 10000, | 


When 
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When therefore the firſt 1 or prime, repreſents 
10 units, the figures 2, 3, 4, Sc. to 1 in the 
middle, will ſtand for 20, 30, 40, Sc. and each 
tenth, or ſub-divifion in the firſt radius of the 
line, will fignify x unit, and each centeſm in 
thoſe tenths (if there be any) will be {+ part of 


an unit; 1 in the middle will be (as before ob- 
ſerved) 100, and the figures 2, 3, 4, Oc. fol- 


lowing 2co, 300, 400, Sc.; each tenth, or ſub- 


diviſion in the ſecond radius, will denote 10 


units, and each centeſm x unit. Again, let the 
firſt r repreſent 100, then the figures 2, 3, 4, &c. 
will ſignify 200, 300, 400, Sc. 1 in the middle 
1000, and 10 at the end 10000; according to 
this ſuppoſition, in the firſt radius, each tenth of 


a prime will be 10 units, and each centeſm r 


unit; and in the ſecond radius, each tenth of 
a prime 100, and each centeſm 10, | 


In accounting decimal fractions upon the line; 
if x in the middle of the line be accounted as 
unity, then will each prime in the firſt radius 
denote, 1, each tenth of a prime ,or, and each 


centeſm ,oor. If 10 at the end of the line to 


the right hand, be accounted as unity, the whole 
firſt radius will repreſent 1, and the numbers 
2, 3, 4, Oc. in the ſecond radius, 2, 3, 4, Oe. 


every prime in the firſt radius, and every tenth 


of a prime in the ſecond radius, will fignify ,or, 
or one hundredth part of unity, and every tenth 
of a yu in the firſt radius, or centeſm in the 
ſecond, will denote ,oor, or one thouſandth part 
of unity. * | 
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The numeration of the line thus explain'd, 
let it now be propoſed to find the poinf thereon 
anſwering to the number 436. For the 4 
hundred, take the 4 firſt primes next the left 
hand; for the ſecond figure 3, take 3 tenths of 
the grand diviſion betwixt 4 and 5, and for the 
6 units, reckon 6 centeſms, or 6 parts of the 
next tenth ; ſo that the extent from x at the be- 
ginning of the line, tothat point, will expreſs the 
number 436. The ſame point will likewiſe repre- 
ſent the numbers 4.3,6, 4,36. or ,436 ; if the firſt 
x be accordingly accounted 10, 1, or 29 of unity, 


Io multiply upon the line, extend your com- 


paſſes. from f at the beginning, to the point re- 


preſenting the number of your multiplier, the 
ſame extent will reach from the number of your 
multiplicand, to the product; thus, if 125 were 
given to be multiplied by 42; extend the com- 
paſſes from 1 to 42, and the ſame extent will 
reach from 125 to 5250. : 


To divide upon the line; extend the com- 
paſſes backwards from the number of the diviſor, 
to unity; the ſame extent laid the ſame way, 
will reach from the number of the divided to the 


quotient: Thus if 5250 were given to be divided 


by 125; extend the compaſſes backwards from 


125 to unity, the ſame extent will reach the ſame 


way, from 5250 to. 42. 


2. The line of artificial fines, conſiſts. only of 
the logarithms of the natural fines, transferr'd 
from a table of logarithms to the ſcale ; they are 


number'd from the left to the right, with the 
bed figures 


ſectors) each ſub-diviſion will ſignify 5 minutes, 


ta in 15, 20, or 30 minutes each, 


on to 10 in the middle of the line, ſignifyin 


lines themſelves. 


tions, whether arithmetical or geometrical; par- 


paſſes, extending the other to the ſecon 
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figures 1, 2, 3, Oc. to 10, which ſtands about 
the middle of the line; and ſo forward with 20, 
30, 40, Oc. to go, at the end on the right. In 
the firſt part of the line, the grand diviſions each 
repreſent one degree, ſo that if each prime be ſub- 
divided into 12 parts (as they commonly are upon 


In the latter part of the line, the grand diviſions 
which are * ro degrees, being ſub - di vided into 
10 parts, each ſub-diviſion will repreſent 1 degree, 
and according as they are again ſub- divided into 
4, 3 or 2 parts, ſuch ſecond ſub- diviſions con- 


z. What has been ſaid of the line of fines, is 
likewiſe to be underſtood of the line of artificial 
tangents, whoſe diviſions begin alſo at r, and run 


ſingle degrees; in the ſecond part it runs on with 
20, 30, Oc. to 45, which ſtands at the end of 
the line, then returns back again to 90 where you 
begun, as is evident from the inſpection of the 


The uſe of theſe lines is in working propor- 


ticularly they are of very ready ſervice in trigo- 
nometrical ſolutions. 5 


The method of working with them is thus : 
In all proportions-you have three terms given, to 
find a fourth. Seek out therefore the firſt term, 
whether number, fine, or tangent, on its proper 
line ; and in that point ſet one foot of your com- 

, or third 
term, which-ever of them is of the ſame name 

; | with 
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with the firſt; the ſame extent laid from the other 
term, the ſame way, will reach to the fourth 


term required. 


Thus to work the following proportion; as 
the ſine of 522 30“ to the number 85, ſo is radius, 
or the fine of 90, to the fourth number re- 
quired. Set one foot of your compaſſes in the 
line of artificial fines on 522 30“, and extend the 
other foot to 90 on that line, the ſame extent 


will reach from 85 on the line of numbers to 107, 


the fourth number required, And thus are all 
queſtions in proportion work'd by the artificial 
lines of numbers, ſines and tangents ; as will 
more fully be ſeen in the following ſection. 


Of the manner of working Proportions on the 

Sector; both by the conjoint 16 of the Lines of 
Lines, with the Lines of natural Sines, T an- 

* gents, c. as alſo by the artificial Lines of 
Numbers, Sines and Tangents. 


Having mow in treating of the reaſon, and 
general uſe of this inſtrument, ſhewn the par- 
ticular uſe of the ſeveral lines of chords, ſines, 
tangents, and ſecants laid down thereon, and how 
univerſal their application is thereby made, above 
what it is upon the plain ſcale: Law proceed 
to ſhew the conjoint uſe of the lines of lines, 
with the lines of natural fines, and tangents, as 
they are laid down ſectorwiſe, and alſo the uſe 
of the artificial lines of numbers, fires, and 
tangents, in working proportions z which I ſhall 


exemplify in the reſolution of the ſeveral caſes of 


plain Trigonometry, both right angled, and ob- 
lique angled, | 
; [7 The 


— F 1 "I" "=> * 
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Tue Seven Caſes of right-angled Plain Triangles, 


*DASE IL 


The angles, and one of the legs being gi ven, ro 
Find the other leg. 


As ſuppoſe in the triangle ABC, 
the angle A is 36 degrees, and the Fig. 15. 
baſe AB 75 feet, it were required to 
find the height of the perpendicular B C. 


The trigonometrical proportion for working 
this caſe; is as radius, to the tangent of the angle 
A; ſo is the leg A B, to the leg B C. 


Zo work which pon the ſecteral Lines. 


Take with your compaſſes on either of the 
lines of tangents, the tangent of 369 degrees 
laterally from the center, and ſet off that extent 
parallel-wiſe from 45 to 45, on the lines of tan- 


gents; with this opening of the ſector, take be- 


tween the feet of your compaſſes the parallel ex- 
tent betwixt 75 and 75, the length of the given 


leg, on the lines of lines, which extent applied 


laterally on cither of the lines of lines, will reach 
to 54, for the length of the other leg; ſo that 
the perpendicular BC, is thereby found to be 


Upon the artificial Lines, 


Set one foot of your compaſſes in 45 (the 


radius) upon the line of tangents, and extend the 


other 
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other backwards to 36; the ſame extent will reach Ml the 
upon the line of numbers, from 7; the length of Ml vill 
the given leg AB, to 54 the length of the re- the J. 
quired leg BC, . | 


CASE IL. 


The angles, ani one of the legs being given, to „ 
fad bb see hs | The | 

As ſuppoſe in the former triangle, the baſe A3 n 
as before 75 feet, the angle A 36 degrees, and 8. 
conſequent]y the angle C 54 degrees; and it were ** 
required to find the length of the hypothenuſe Id co 
N \ n e Were I 


AC. 


Proportion. As the ſine of the angle C, to the . Pro; 
radius; ſo is the baſe, to the hypothenuſe. 0 ſo i 


To work which upon the ſectoral lines. To 


Settir 
enter © 
cher la 
tent a, 
ines of 

ike the 
ngth of 


Take with yur compaſſes on either of the 
lines of fines, the fine of 54 _ (the quan- 
tity of the angle C) laterally from the center, 
and ſet off that extent as a parallel! betwixt 90 
and 90 on the lines of fines; the ſector remaining 
in that poſition, take between the feet of your 
compaſſes the parallel diſtarce betwixt 75 and 
75 (the length of the baſe) on the lines of lines, » appl. 
and that extent laterally applied on either of the the ſ⸗ 
ſaid lines of lines, will meaſure 93, the length of e lengt 
the hypothenuſe ſought. | 


Upon the artificial Tines. 


[ 
[ 


| Set On 


get PREY IDE of your compaſſes in 54 (the Sine ' the 


of the angle C) upon the line of ſines, and extend 
1 | | 1 | the 


2 


1 

the other to 90, (the radius) the ſame extent 
will reach upon the line of numbers, from 75, 
the length of the-baſe, to 93, the length of the 
bypothenuſe required. 


CASE III. 


ſhe hyfothennſe and amgles being given, to find 
either of the Legs, | 


As ſuppoſe in the foregoing triangle, the 
lypotheneuſe A C 93, the angle A 36 degrees, 
ad conſequently the angle C 54 degrees ; and it 
gere required to find the length of the Baſe AB. 


07 bd owe Won 


e Proportion. As radius to the fine of the angle 
(, ſo is the hypothenuſe to the Baſe. 


To work which upon the ſectoral lines. 


Setting one foot of your compaſſes on the 
enter of one of the lines of fines, extend the 
ther laterally to 54 degrees, and ſet off that 
tent a. a parallel betwixt 90 and 90 on the ſaid _ 
ines of fines ; the "ſector continuing ſo opened, 


5 ike the parallel diſtance between 93 and 93, the 
nd ength of the hypothenuſe, on the line of lines, 
ies, nd applying it latetally from the center, upon one 
-he the faid lines, the extent will be found 75 for 
of Ne length of the baſe requir'd. „„ 


Upcn rhe artificial lines. 


Set one foot of your compaſſes in go, on the 
ne of fines, and extend the other backwards to 
4 the ſine of the angle C; the ſame extent 
” L will 


„ 
will reach upon the line of numbers, from 94 
the length of the hypothenuſe, backwards to 71 
the length of the baſe required. 7 


e CASE IV. 
T he legs being given, to find the angles. 
As ſuppoſe in the foregoing triangle, the baſs | 


A B, as before, 75 feet, and the perpendiculſr If - 4 
B C 54 feet, and it were required to find tle 0 
quantities of the angles A and C. =_ |: 4 
Proportion. As the leg AB to the leg B J I|f 
ſo is radius, to the tangent of the angle at A J|Þ 
whoſe complement to a quadrant will be the Jt. 
angle at C. + || : 
To work which upon the ſeftoral lines. | II. 2 | 
Setting one foot of your compaſſes on thy 1 
center, extend the other laterally on one of t to 
lines of lines to 54, the length of the perpendt i fror 
cular B C, and ſer off that extent as a paralld you 
between 75 and 75, the length of the baſe, upoy nuf 
the ſaid lines of lines; the ſector continuing th; 
opened, take the parallel radius, or extent b$ 
tween 45 and 45 on the lines of the tancenthll; 
between your compaſſes, which laid down la Þ 
rally from the center, on either of the lines N the! 
tangents, will give 36“ for the quantity of H 
angle A, and that ſubtracted from 90, wil 
leave 54 for the quantity of the angle C. 14 
2e 


fon the artificial lines. 


Set one foot of your compaſles upon the line 
of numbers, in 75, the length of the baſe, an 
extend the other backwards to 54, the length \ 
the perpendicular ; the ſame extent will reac 
| 
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com 45 (radius) on the tangents, to 46 the tan- 
gent of the angle . 
| CASE „. 

The legs given, to fd the hypothennſe, 

. | As ſuppoſe in the foregoing triangle, the baſe 
ar Ji? AB is 75, and the * endicular BC 54; it 
e were required to find the length of the hypo- 
thenuſe AC. | = = 


{ || 3 | . 5 
o work this Caſe upon the ſectoral Lines. 


Open the inſtrument to a right angle, (by 
Prob. the laſt of the uſes of the lines of lines) 
then taking between your compaſſes, the ſlant 
extent from 75 on one of the ſaid lines of lines, 
tis to 54 on the other, apply the ſaid extent laterally 
from the center, on either of the ſaid lines, and 
you will find 93 for the length of the hypothe. 
nuſe required. N 


Upon the artificial lines. 
Firſt find the angles, by caſe the 4th, then 
| the hypothenuſe, by caſe the 2d. SE 


CASE VI. 


| 7he hypothennſe and one of the legs given, to 
£ ind the angles, 


As ſuppoſe in the foregoing triangle, the 
hypothenuſe A C 93, and the baſe AB 75; and 
it were required to find the angles A and C. 

| ' I . 
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Proportion. As the hypothenuſe to the baſe, 


Þ is radius to the fine of theangle at C. 
o work which upen the ſectoral lines. 


Setting one foot of your compaſles in the cen- 
ter, extend the other laterally on one of the lines 
of lines to 93, the length of the hypothenuſe AC; 
this extent ſet off parallelwiſe, as a radius betwixt 
10 and 10, on the ſaid lines of lines; then from 


the center laterally on one of the lines of lines, 
taking the extent of the baſe AB 75 between 


your compaſſes, run that diſtance parallelwiſe 


along the lines of fines, till the feet reſt in like 


numbers, which will in this example be at 54 
degrees, the quantity of the angle C, oppoſite to 


the baſe, which being ſubſtracted from 90, there 


will remain 36 degrees, the quantity of the 
angle A. 


Upon the artificial lines. 


Set one foot of you compaſſes upon the line of 
numbers, in 93, the length of the hypothenuſe, 
and extend the other backwards to 5, the length 
of the baſe ; the ſame extent will reach upon 
the line of fines, from 90 (radius) backwards 


to 54, the fine of the angle C, which, ſubſtracted 


from 90, leaves 36 for the angle A, 


CASE 


,aſe, Þ 
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CASE vil. 


I The hypothenuſe, and one of the legs, being 


cen - 


line 

LC; 
wixt 
rom 
Ines, 
veen 
wiſe 
like 
34 
e to 
here 


the 


16 of 
zuſe, 
ngth 
pon 
— 


Qed. 


8 E 


given, to find the other leg. 


As ſuppoſe (as before) in the foregoing triangle, 
the hypothenuſe A C 93, and the baſe AB 55. 
and it were required to find the perpendicular BC. 


To work this caſe upon the ſeftoral lines. 


Open the ſector to a right angle (by Prob. the 
laſt of the uſes of the lines of lines) then taking 
between your compaſſes the length of the hypo- 
thenuſe AC 93, from the center upon either of 
the lines of lines, ſet one foot in 75, the length 
of the baſe AB upon one line, and the other foot 
being turned towards the center, will reſt upon 


the other line in the point 54, the length of che 


perpendicular BC required, 
Upon the arnifictat lines. 


Firſt find the angles, (by Caſe the VIth) then 
to find the length of the perpendicular, ſet one. 
foot of your compaſſes on the line of fines in 90, 
(radius) and extend the other backwards to 36, 
the fine of the angle A; the fame extent will 
reach on the line of numbers from 93, the length 
of the hypothenuſe, backwards to 54, the length 


of the perpendicular required, 


The. 


L 3 
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The Six Caſes of oblique- angled plain Triangles. 


Two ſides, and an angle oppoſite to one of them, 
being given, to find the other oppoſite angle. 


As ſuppoſe in the triangle ABC, 
the ſide AC being 65 leagues, and 
the fide BC 54 leagues, and the 
angle A oppoſite to the ſide BC 35 30', it were 


required to find the quantity of the angle B. 


| Proportion. As the fide oppoſite to the given 
angle to the ſine of the given angle, ſo is the fide 


oppoſite to the angle ſought to the fine of the 


angle required, 
To work which 1pon the ſefforal lines. 


Setting one foot of your compaſſes on the 
eenter, extend the other laterally on the lines of 


lines to 54, the length of the fide BC, which 


extent ſet off as a parallel betwixt 35 3o', and 
35 30' on the lines of fines, the quantity of the 


on given angle A; then from the center of the lines 


of lines, take the length of the fide AC 65 be- 
tween your compaſſes, and run that diſtance pa. 
rallelwiſe along the lines of ſines, till the feet reſt 


in like numbers, which in this example will be 


at 44 15' nearly; and that ſhall be the quantity 
of the angle B, oppoſite to the fide AC. 


I you would know the quantity of the re- 


maining angle C, ſubſtract the ſum of the * 


leng 
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A and B from 180 degrees, (the ſum of the three 
angles of every triangle) the remainder 100 15 
ſhall be the quantity of the angle C. ee e 


22 the artificial lines. 


Set one foot of your compaſſes on the line of 
numbers in 54, the length of the fide BC, oppo- 
ſite to the 3 angle A, and extend the other 
to 65, the length of the ſide AC; the ſame ex- 
tent will reach upon the line of ſines, from 3 56 
30", the given angle A, to 44% r5', the quantity 
of the required angle B. 


| "TI 
T he angles, and one ſide being given, to find 
either of the other ſides, 


As ſuppoſe in the foregoing triangle, the. ſide 
BC as before, being 54 leayues, the angle A 3 50 
30 the angle B 44% 13', and the angle C 1000 
155 the ſides AB and AC were requifet. 


Proportion. As the ſine of the angle oppoſite 


to the given fide, to the ſide given; fo is the fine 


of the angle oppoſite to the required fide, to the 


ide required. 


N. B. When an obtuſe angle is given, you 
muſt work by its complement to 180 degrees. 


To work this caſe upon the ſectoral lines. 


From the center of the lines of lines, taxe the 
length of the given ſide BC 54 laterally between 
9 5 = L 4 So 
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our compaſſes, which extent ſet off as a parallel 
etwixt 35 3o', and 352 30o', the fine of its op. 

polite angle A, upon the lines of fines ; the ſector 

thus opened, take between your compaſſes the 

parallel diſtance between 449. 15, and 449 15/, 

the quantity of the angle B, upon the lines of 

fines, and applying the ſaid diſtance laterally upon 
either of the lines of lines, it will give 65 for the 
length of the oppoſite fide AC, So likewiſe the 

paralle} diſtance between 79 45", and 799 45 

(che complement of 1002? 15', the quantity of the 

angle C) will, when applied laterally on either 
of the lines of lines, give 92 for the length of 
the ſide AB, Bo 


Upon the artificial lines. 


Set one foot of your compaſſes on the lines of 
fines in 359 30', the quantity of the angle A, op- 
poſite to the be ſide BC, and extend the other 
to 44 15 the quantity of the angle B; the 
ſame extent will reach upon the line of numbers 
from 54, the length of the given fide BC, to 65, 
the length of the required fide AC. Or ſetting 


the firſt foot as before in 35® 30' on the fines, ex- 
tend the other to 999 45', (the Qomplement of 


1009 15* to 180% the ſame extent will reach on 
the line of numbers, from 54 to 92, the length of 
ee opponnte Hoe AB, - + oe + + 


As E n. 


i 
en . 


Tuo ſides, and an angle oppoſite to one of them 
being given, ro find the other ſide, 


As ſuppoſe in the foregoing triangle, the fide 


AC being 65 leagues, and the fide BC 54 leagues, 


and the angle A oppoſite to the fide BC 359 30), 
it were required to find the fide AB, 


To work this caſe either upon the ſectoral or 
artificial lines. = 


1. Find the angles, by Caſe the firſt, 
2. The fide, by Caſe the ſecond. 
CASE IV, and v. 

To ſides, and the contained angle being given, 
to find the other two oppoſite angles, ana ihe. 

other ſide. 6 ry 


As ſuppoſe in the foregoing triangle, the ſide 
AC as before, 65 leagues, and the ſide AB 92 


leagues, . the contained angle A 35 30/, it 


were required to find the other oppoſite angles. , 
B and C, with the fide BC, © o 


The proportion for finding the angles in this 
caſe is as follows, viz. As the ſum of the two 
ſides AC and AB, to their difference, ſo is the 
tangent of half the ſum of the angles B and C, 
vis. 729 15), to the tangent of half their diffe- 


rence 3 which added to their half ſum, gives the 


grea ter 
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greater angle C, but ſubſtracted from the ſaid 


half ſum, leaves the leſſer angle B. 


N. 3B. The ſum of the angles B and C, is 
found by ſubſtracting the given angle A, vis. 


35 30“ from 180. 
To work theſe caſes upon the ſeftoral Ii nes. 


Theſe two caſes are taken together, becauſe 
upon the ſectoral lines it is neceſſary to find the 
length of the third ſide, before the angles can be 
diſcovered. To find therefore the length of the 
ſide EC, take the quantity of the given angle A 
352 50', laterally upon one of the lines of ſines, 
and ſet it off as a parallel betwixt 90 and go, on 
the ſaid lines: The ſector thus opened, ſet one 


foot of your compaſles in 92, the extent of the 
fide AB, upon one of the lines of lines, and ex- 


tend the other to 65, the length of the other 
given {fide A C, upon the other line of lines; 
this extent meaſured laterally from the center, 


upon either of the lines of lines, will give 54 for 


the length of the required fide BC : Then may 
the quantity of either of the required angles be 
found by caſe the firſt, which added to the given 
angle;and the ſum ſubſtracted from 180, will give 
the quantity of the other angle. 


Upon the artificial lines. 


Firſt to find the angles, Set one foot of your 


compaſſes upon the line of numbers in 157, (the 


ſum of the ſides AB and AC) and extend the 


other backwards to 27, (the difference of the 


fides) the ſame extent will reach on the line of 
. tangents 
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tangents from 52% 15 (half the ſum of the angles 
Band C) to 28?, which added to 529 17 gi ves 
1009 15! for the greater angle C; or ſubſtracted 
from 72® 15", leaves 440 15, the leſſer angle B. 
The angles- thus found, the ſide BC may be ob- 
tained by caſe 2. | 3H 


CASE VI. 

T he three ſides being given, to find the angles. 

As ſuppoſe in the fore oing triangle the ſide 

AB 92 leagues, the fide AC 65 leagues, and the 

fide BC 54 leagues, * 
To work this caſe upon the ſeftoral lines. 

Firſt fixing upon any one angle, as ſuppoſe the 


angle A, note the extent of the two ſides which 
include it, vis. AB 92, and AC 65 ; then taking: 


the extent of the third fide BC 54 between your 


compaſſes, ſet one foot in 92, upon one of the 
line of lines, and open the ſector till the other 
toot falls upon 65, on the other line of lines : the 
ſe or thus opened, take betwixt your compaſſes 
either the parallel diſtance between 30 and 20 in 
the ſines, which meaſured laterally from the center 
on either of the lines of fines, will give 192 45, 
half the quantity of the angle ſought; or take 
the parallel radius, vis, the extent betwixt 60 
and 60 on the chords, which meaſured laterally 
on either of the lines of chords, will give you the 
whole quantity of the required angle A, vis. 3 5 
20', The angle B may either be found by the 
ſame method, from the three given ſides, or on 
I 7 - FE the 
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the help of the diſcover'd angle A, according to 


the method laid down in caſe 1. 


The two angles A and B thus found, ſubſtract 
their ſum from 1805, the remainder will be the 


quantity of the third angle C. 0 


Upon the artificial lines. 


To work this caſe upon the artificial lires : 


Firſt divide the baſe, or longeſt fide AB, into 


two ſegments, by a perpendicular let fall from the 
z the value of which ſegments 


— 


oppoſite angle 
are diſcoverable by the following proportion, v1s, 


As the true baſe to the ſum of the other two ſides, 


ſo is the difference of the ſaid two ſides to the 
difference of the ſegments of the baſe : Which 
difference added to the true baſe, will give the 
double of the greater ſegment; but ſubſtracted, 
will leave the double of the leſſer ſegme nt. 


Set therefore one foot of your compaſles on the 


line of numbers in 92, the length of the true baſe, 
and extend the other to 119, the ſum of the two 
other ſides ; the ſame extent will reach on the 
ſame line, from 11 the difference of the fides, to 
14, 228 the difference of the ſegme its of the 
baſe; which difference 14, 228 added to the true 
| baſe gz, gives 106, 228 the double of the greater 


ſegment ; but ſubſtracted, leaves 77, 772 the 


double of the leſſer ſegment, 


The triangle therefore being divided into two | 
rectangled triangles, by the perpendicular, and 
the ſegments of the baſe rhus found, the angles 

TT | may 


£ 


„„ 
. may be obtained by caſe the 6th of rectangled 
plain triangles. 55 1 


I have now, I preſume, pretty well exemplified 

t | the uſes of the ſeveral lines laid down upon the 
e modern ſectors, tho* beſides what I have men- 
tioned, they are capable of very various applica- 

tions, in menſuration, architecture, dialling, aſtro- 

nomy, £56. But as formerly other lines uſed to 

| be put upon them, and ftill the French ſectors 
: || are furniſhed with lines of ſuperficies and ſolids, 
0 Sc. And my Author too having in his Prafticat 


e | Geometry, treated of theſe two lines, which I 

ts there omitted, with reference to this appendix, I 

8. ſhall here, from him, give the manner of their 
8, projection and application. | 

* F — 

h Projection of the lines of ſuperficias. 
1e 8 N | | 1% 

d, Let the lices AE AE repreſent the lines of ſu- 


perficies, to divide which, having a ſcale of 1000 
N! equal parts of the ſame length as tge 
he intended lines, take therefrom 125 parts Fig. 17, 
&, which ſet off from the center A, as the ; 


vo I firſt diviſion upon each; 250 parts will give you 
he I the fourth diviſion ; the mean proportion between 
to 125 and 1 50, will be the sumber of parts marking 
be the ſecond diviſion; 375 parts taken from the 
ue ſcale, and ſet off from the center A, will reach 


ter if to the ninth diviſion ; the third divifion will be 

he the mean proportion between 125 and 35: again 
625 parts will give the 25th diviſion ; and the 
mean proportion between 125 and 625, will be 

wo If the fifth divifion, Oc. laſtly, 1000 parts will be 

nd the 64th diviſion: All which is plain from the: 
CC.. ĩ conſider- 
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confideration, that ſimilar ſurfaces are in a du. 
plicate ratio of their homologous ſides. 


Uſe of the line of ſuperficies. 


| 5 Taking between the points of your compaſſes 
the-radius of a circle, or the fide of any plain 


figure, and ſetting it as a parallel betwixt I and 7, 
the firſt diviſion from the center; ſo ſhall the 
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logarithm of the firſt mean proportional, which 
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250, c. Laſtly, the whole line AG, or A H. 
| being oo qual path, will be the cath diviſion, 


Uſe of the line of ſolids. 


Set over the ſide of any body, as a parallel be- 


twixt t and r, the firſt divifion on the lines of 
ſolids; ard the parallel extent betwixt 2 and 2, 
ſhall give the homologous (ide of a ſimilar Body, 
whoſe ſolid content ſhall be double; and fo the 
ſeveral other diviſions will accordingly ive ſides 
of bodies triple, quadruple, &c, or ſub-double, 
ſub- triple, ſub quadruple, c. 
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